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In accordance with Arny, Regulation 200-2, this docunent is intended to
conply with the National Environnental Policy Act (NEPA) of 1969.

DECLARATI ON FOR THE RECORD OF DECI SI ON

SI TE NAME AND LOCATI ON

O Line Ponds Area, Mlan Arnmy Amunition Plant (MAAP), Ml an, Tennessee
STATEMENT OF BASI S AND PURPOSE

Thi s deci sion docunent presents the selected remedial action for Operable
Unit One (OU 1) at the O Line Ponds Area, MIlan Arnmy Ammunition Pl ant,

M | an, Tennessee. The selected renedial action was chosen in accordance
with the requirements of the Conprehensive Environnental Response,
Conpensation, and Liability Act of 1980 (CERCLA), as anmended by the

Super fund Anmendnments and Reaut horization Act of 1986 (SARA), and to the
extent practicable, the National O and Hazardous Substances Pol | ution
Contingency Plan (NCP, 40 CFR 300). This decision docunent explains the
factual basis for selecting the remedy for OU 1 and the rationale for the
final decision. The information supporting this remedial action decision is
contained in the Administrative Record for this site.

The U.S. Environnental Protection Agency and the State of Tennessee concur
with the sel ected renedy.

ASSESSMENT OF THE SI TE

Actual or threatened rel eases of hazardous substances fromthe site, if not
addressed by inplenenting the response actions selected in this Record of
Deci sion (ROD), may present an inmmnent and substantial endangernment to
public health, welfare, or the environnent.

DESCRI PTI ON OF THE REMEDY

The goal of the overall cleanup activities at the site is to reduce the
| evel s of contam nants to bel ow heal t h-based concentrati ons, such that

noadverse health effects will result fromcurrent and future off-post or
onpost use. Presently, nore information is avail able concerning the nature
and extent of groundwater contam nation than is known about soil, surface

wat er, and sedi nent contam nation within the O Line Ponds area. Because



cont ami nat ed groundwater potentially poses an unacceptably high | evel of
risk to human health and is better defined, this environnmental nedi um has
been separated fromthe others. This separation of environnmental nedia into
Operable Units (OU) allows the Army to begin groundwater cleanup prior to
full assessnent of the entire site.

The Operable Units are defined as follows: Operable Unit One (QU 1)

addr esses cont ami nated groundwater beneath and i mmedi ately downgradi ent from
the former ponds which has been contam nated by past di sposal practices at
the ponds. Operable Unit Two (OU 2) addresses contaninated soils beneath and
around the former ponds and surface water and sedinment in the drainage ditch
that flows along the east and north sides of the ponds, which nay have
become contaminated as a result of past disposal practices. Operable Unit
14 (OU 14) addresses the area downgradient (to the north and northwest) of
QU 1 and QU 2, including Line K. This Record of Decision presents specific
remedi es that were considered for QU 1 only. Renediation nmethods for OU 2
and QU 14 will be selected as separate actions.

The maj or conponents selected for renmediating OQU 1 are as fol |l ows:

Downgr adi ent extraction of contam nated groundwater using extraction
wel | s;

On-site treatment of extracted groundwater using el ectrochenica
precipitation to renopve inorganic constituents; ultraviol et
(UV)-oxidation to destroy the npgjority of the organic contam nants in
the water; and granul ar activated carbon (GAC) to renopve renmining

or gani ¢ conpounds;

Re-injection of treated groundwater upgradi ent of the fornmer ponds;

Monitoring well installation to determine extraction effectiveness;
and
Institutional controls will be used to prevent human exposure to the

cont anmi nat ed groundwat er.

The principal threat at this site, groundwater contam nated with expl osives,
wi |l be addressed by renoving contani nated water fromthe aquifer and
permanently treating the water with a conbinati on of el ectrocheni ca
precipitation to renopve inorganics and UV-oxidation with GAC to renove
organi ¢ contanmi nants fromthe water

In pursuit of the overall site goal of reducing the |evels of contam nants
to health-based | evels, UV-oxidation, an innovative technology, will be used
to remove expl osives conmpounds from extracted groundwater. This technol ogy
was sel ected because of uncertainties regarding the ability of nmore commonly
-used technol ogies in reducing the concentrations of contam nants to the
heal t h-based | evel s. UV-oxidation has not previously been applied in full-
scal e systens to renove these contam nants; however, it has the potential to
nmeet the stringent criteria.

The Arny has elected to performthis phase of groundwater cleanup under an
Interim Action Record of Decision (ROD), which allows for treatnment system



desi gn, construction, operation (using the discharge linits listed herein,
whi ch for several explosives conpounds are higher than health-based
concentrations), and performance evaluation for a set period of tine. At
the end of the performance eval uation period, the treatnment system
capabilities and discharge levels will be reevaluated. |f the health-based
| evel s for any of the contam nants of concern have changed in the interim
these newal ues will be considered as the treatnent goals. A final action
remedy will be selected which satisfies all health based clean-up |levels or
provi des technical data, consistent with CERCLA and the National Contingency
Pl an, which justifies alternative standards. The renedy selected in the
interimaction is consistent with planned future actions to the extent
possi bl e.

Because this interimrenedial action requires that the further mgration of
cont ami nated groundwater within the O Line Ponds area be stopped, and the
concentrations of contaminants in groundwater be greatly reduced, it is
consistent with any planned future actions.

STATUTORY DETERM NATI ONS

This interimaction is protective of hunman health and the environnment,
conplies with Federal and State applicable or relevant and appropriate

requi renents for this limted scope action, and is cost effective. Although
this interimaction is not intended to fully address the statutory mandate
for permanence and treatnment to the meximum extent practicable, this interim
action utilizes treatnment and thus is in furtherance of that statutory
mandat e. Because this action does not constitute the final renedy for
groundwater at the site, the statutory preference for renedi es that enploy
treatment that reduces toxicity, nobility or volume as a principal element,
al though partially addressed in this renmedy, will be addressed by the final
response action for groundwater. Subsequent actions are planned to address
fully the threats posed by the conditions in the groundwater at this site.

Because this renedy will result in hazardous substances renmmining on site
above health-based levels, a review will be conducted to ensure that the
remedy continues to provide adequate protection of human health and the
environnent within five years after commencenent of the renediation
Because this is an interimaction ROD, review of this site and of this
remedy will becontinuing as the Arny continues to devel op final renedial
alternatives for groundwater at the site.

UNI TED STATES ENVI RONMENTAL PROTECTI ON AGENCY
REG ON |V

345 COURTLAND STREET, N.E.
ATLANTA, GEORG A 30365

SEP 30 1992
4\W\D- FFB

CERTI FI ED MAI L
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M. Lewis D. Wal ker

Deputy Assistant Secretary of the Arny
(Environnment, Safety and Occupational Heal th)
Attn: SAlLE- ESCH

The Pentagon, Room 2E577

Washi ngton, D.C. 20310-0110

Re: Interim Renedial Action Record of Decision
O Li ne Ponds Groundwat er Operable Unit

Ml an Army Ammunition Pl ant

M |l an, Tennessee

Dear M. Wal ker:

The United States Environmental Protection Agency (EPA) has reviewed the
Department of the Arnmy's Interim Renmedial Action Record of Decision for the
O Li ne Ponds Groundwater Operable Unit at the MIlan Army Amrunition Pl ant
pursuant to the Conprehensive Environnmental Response, Conpensation, and
Liability Act of 1980, as amended by the Superfund Amendnents and

Reaut hori zati on Act of 1986. EPA concurs in the findings and sel ected
remedy presented in the Interim Record of Decision.

Si ncerely yours,

Patrick M Tobin
Deputy Regi onal Admi ni strator

cc: Conmi ssioner J. A Luna, Tennessee Departnment of Environment and
Conservati on

Lt. Col onel Everette B. Crumpler |11,

Commandi ng Officer, MAAP

STATE OF TENNESSEE
DEPARTMENT OF ENVI RONVENT AND CONSERVATI ON

M. Lewis D. Wal ker

Deputy Assistant Secretary of the Arny
OSHA- 1, LE

O fice of the Assistant Secretary
Department of the Arny

Washi ngton, D.C. 20310-0103

Ref. 27-505 MAAP O Line Ponds OPU-1 ROD
Dear M. Wal ker:

The Tennessee Departnent of Environnent and Conservation has reviewed the
final Interim Action Record of Decision subnitted on Septenber 30, 1992.
Thi s docunment has reference to the groundwater renedi ati on operable unit at
the O Line Ponds Area at the Mlan Arny Anmunition Plant |ocated in MI an,
Tennessee. The Departnment concurs with the findings and the sel ected
interimrenedial action stated in this Record of Decision.



If you should have any questions regarding this natter please contact ne at
(615) 532-0228 or M. Ron Sells, TDEC Project Manager at (901) 4236600.

Si ncerely,

Ken Bunti ng

Admi ni strator, Bureau of Environnment

Tn Dept of Environnent & Conservation
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1.0 SITE NAME, LOCATI ON AND DESCRI PTI ON

Mlan Army Ammunition Plant (MAAP) is located in western Tennessee, 5 mles
east of Ml an, Tennessee, and 28 mles north of Jackson, Tennessee (Figure 1
-1). MAAP is a government-owned, contractor-operated installation with
Martin Marietta Ordnance Systens, Inc., as the operating contractor. The
facility was constructed in 1941 to produce and store fuzes, boosters, and
smal | - and | arge-caliber anmmunition. At present, the facility conprises
22,436 acres.

MAAP |ies within the coastal plain province of the M ssissippi Enmbaynent,
west of the Western Valley of the Tennessee River and east of the

M ssi ssippi River Valley. The topography of MAAP and surrounding area is
gently rolling to flat. It slopes regionally westward and contai ns numer ous
smal | streans, creeks, and drai nage ditches. The elevation of the plant
varies froma high of approxinmately 590 feet above nean sea |l evel (ft-nsl)
on the south side to a | ow of approximtely 320 ft-nsl on the north boundary
of the plant.

Numer ous perenni al and ephenmeral surface water features occurwithin the
installation and flow to the north-northwest. The entire facility, except
for its extreme southern portion, drains via small creeks and ditches to the
Rut herford Fork of the Obion River. The northern portions of MAAP contain
several well-devel oped, epheneral, natural drainage bodies that join the

Rut herford Fork al ong the northern boundary of the installation. The two



parent streans, the Forked Deer River and the Obion River, enpty into the
M ssi ssi ppi River about 60 miles west of MAAP.

Groundwater is a primry source of potable and non-potable water in this
area of Tennessee. At MAAP, the Menphis Sand of the Cl aiborne Goup is the
maj or aquifer, and is thick, laterally continuous, and highly transni ssive.
Groundwater flowin the MAAP area is generally to the west, in the direction
of the regional dip of these sands, and also trends northerly because of the
t opographi c influence. On a general scale, there are no abrupt hydrol ogic
boundaries in the aquifer. The formation is recognized as sand with clay

| enses and clay-rich zones.

The facility is located in a rural area, with agriculture being a primry

| and use. There are scattered residences to the north and east of the
facility boundary. North of the facility, the nearest residences are

| ocated north of the Rutherford Fork, which probably acts as a shall ow
groundwat er divide. These residences are downgradi ent fromthe O Li ne Ponds
area and are approximately 1.5 mles fromthe O Line Ponds. On the east
side of the facility, residences are |ocated along the facility property
line. These honeowners are not at risk fromthe contamination emanating
fromthe O Line Ponds because they are cross-gradi ent and upgradi ent from
the O Line Ponds. Wthin the facility, the Arny perforns regular nonitoring
of the potable water production wells to ensure that no contamination is
present. Therefore, under current |and use conditions, humans are not
exposed to the contam nated groundwater in the OLine Ponds area. Future |and
use scenari os nmay present potential human health risks if the property is
devel oped for residential use.

Of the thirteen process areas active by the end of World War 11, only seven
lines are in use today. As shown in Figure 1-2, the active process areas
are distributed through the northern half of the facility. OLine is
located in the north central portion of MAAP. Immediately north of O Line
are the O Line Ponds (now closed), which historically received wastewat er
fromthe operations conducted at O Line. Contami nated groundwater that is
addressed in this ROD emanates fromthe O Line Ponds area, which is
described in nore detail in the next section

2.0 SITE H STORY AND ENFORCEMENT ACTI VI TI ES

The O Line area (Figure 2-1) at MAAP was built as part of the initial plant
construction activity in 1941, and has operated since 1942 as an ordnance
demilitarization facility. Fromthe start, the mgjor function of the |ine
has been to renove expl osives from bonbs and projectiles by injecting a high
-pressure stream of hot water and steaminto the steel shell of the
munitions. The types of explosives handled in the facility include 2,4, 6-
trinitrotol uene (TNT) and RDX

Wast ewat er contami nated with expl osives was di scharged fromthe OLi ne
washout operations through a series of baffled concrete sunps where cooling
caused significant anpbunts of explosives to precipitate out of the waste
stream Effluent fromthe sunps was initially discharged to an open ditch
which ran through the O Line area. |In 1942, 11 individual surface

i mpoundnents were excavated to receive the O Line effluent before discharge
to the open ditch. The ponds (Figure 2-2) reportedly were excavated into



native soil and the excavated material was used to formthe pond di kes. The
ponds were 3-5 feet deep, had a total capacity of 5.5 million gallons, and
covered an area of about 280,000 square feet (USATHAMA, 1982a). The ponds
were interconnected with a series of spillways, open ditches, and

di stribution boxes allow ng several pond configurations to be used in
series. Effluent fromthe | ast pond flowed through a bank of sawdust-filled
tanks before discharge to Ditch B. The drainage ditch that received
effluent fromthe final pond discharged to the Rutherford Fork of the Obion
Ri ver which runs along the northern boundary of MAAP as shown in Figure 2-1

In 1978, USATHAMA conducted an Installation Assessnent of MAAP ( USATHAMA,
1978), which consisted of a records search and interviews with enployees. It
was reported in this docunent that between 300 to 500 pounds of expl osives
could be washed out in an 8-hour shift, and that many types of expl osive
materials were handled in this area. At the time of the survey, all of the
wast ewat er ponds were full and signs of overflow were obvious. The overfl ow
entered the open ditch near O Line.

Also in 1978, the U S. Arny Environnmental Hygi ene Agency's (USAEHA) water
wel | sanpling program (USAEHA, 1978) revealed that three of MAAP's 11 water
supply wells were contam nated with expl osive constituents. The affected
wel I's were near a number of production areas, including OLine

MAAP facility personnel ceased using the O Line Ponds since the ponds were
deternmined to be one of the nost likely sources of groundwater

contami nation. As a result, the O Line operation was placed in a standby
status in Decenber 1978, and effluent has not been discharged to the ponds
since that tinme. The inpounded effluent remained in the ponds until 1981
when the supernatant was punped out and treated in a newy constructed pink
water treatnment facility (PWIF), consisting primarily of carbon adsorption
units and fabric filtration units. The effluent fromthe PWF was

di scharged to the open ditch under the facility's NPDES pernit. A PVC |liner
was placed on top of the pond sedinments in 1981 and the liner was filled
with fresh water to stabilize it.

MAAP subsequently prepared and submitted a closure plan for the pond site
(USATHAMA, 1982b). The closure plan was approved by the Tennessee
Department of Health and the Environnent (TDHE) and inplenented in 1984.
The closure plan called for the construction of a nmultilayered cover system
for the ponds. The ponds were filled with clean inorganic fill, and two
clay layers were placed on top and conpacted. A gravel drainage |ayer was
pl aced between the clay |layers. Topsoil was placed on top of the upper clay
| ayer and a vegetative cover was then established.

The rationale for taking the ponds out of service and placing a |iner on top
of the contam nated soil was to decrease hydraulic | oading on the source.
The cap was designed to further nminimze hydraulic | oading on the

contami nation source by providing a nmultilayered cover system

However, in May 1984, because of the level of contam nation in the
groundwater, the facility was proposed for |listing on the Nationa
Priorities List (NPL). The NPL is EPA's |ist of hazardous waste sites that
present the greatest potential threat to human health and the environnment if
remedi ati on does not occur. Final listing on the NPL took place in August,



1987.

In 1990-1991, the U. S. Arny Toxic and Hazardous Materials Agency (USATHAMA)
conducted a Renedial Investigation (RI) at MAAP (USATHAMA, 1991). The Rl was
conducted to identify the type, concentration, and extent of contam nation.
Sone of the results of the RI are as follows:

The | evel s of explosives in groundwater sanples collected near the
ponds are very high (nore than 10,000 tines higher than EPA' s health
advi sory levels). The concentrations of explosives in groundwater
decrease as the distance fromthe O Line Ponds increases. Avail able
data indicate that the area of groundwater contam nation associ ated
with the ponds thensel ves is approximtely 2,500 feet in length and
possi bly as much as 1,500 feet wi de.

The vertical extent of the groundwater contam nation appears to extend
fromthe water table to a maxi mum depth of 170 feet bel ow the ground
surf ace.

It is |likely that other sources of contam nation exist downgradi ent of
t he ponds which have contributed to the total area of groundwater
contami nation. These areas are being addressed in additional studies.

The contami nants of concern include explosives such as
2,4,6-trinitrotoluene (TNT), 2,4-dinitrotoluene and 2, 6di nitrotol uene
(DNT), RDX, HWMX, nitrobenzene, 1,3,5-trinitrobenzene (TNB), and

1, 3-di nitrobenzene (DNB).

In order to respond as rapidly as possible to the potential threat posed by
contami nated groundwater in the vicinity of the O Line Ponds, the Arny has
el ected to separate the O Line Ponds area fromthe renmai nder of the facility
and to address remedi ation of this unit while further investigation of other
units continues. In 1991-1992, a Focused Feasibility Study (FFS) of the O
Li ne Ponds area groundwater (OU 1) was conducted (USATHAMA, 1992a). The
purpose of the FFS was to identify renmedial technol ogies that are capabl e,
singly or in conmbination, of mtigating the risks posed by the Operable
Unit. Because several of the nmpbst prom sing technologies identified in the

FFS have not been widely deployed, limted data are available to fully
assess their potential effectiveness for the Operable Unit-specific
conditions and contam nants. To fill this data gap, treatability studies

were performed in 1992 to further evaluate the effectiveness,
i mpl enmentability, and cost of the nobst pronising technol ogies.

Based on the information gathered and presented in the FFS report (and on
the results of the treatability studies), the Arny selected a preferred
remedy for the O Line Ponds area groundwater. The rationale behind the
remedy was presented to the public in a Proposed Pl an (USATHAMA, 1992b).

3.0 HIGHLI GHTS OF COMMUNI TY PARTI Cl PATI ON

The RI report for MAAP was rel eased to the public in Decenmber 1991 and
presented at a public neeting held during the sane nonth. The FFS report
and Proposed Plan were released to the public in July 1992. All of these
docunents are available in both the Adm nistrative Record and the



i nformati on repository maintained at the Army Chief Engineer's Ofice at
MAAP and the MIldred G Fields Library, Mlan, TN. The notice of
availability of these docunents was published in The Mrror Exchange on June
24, 1992 and The Jackson Sun on June 27, 1992.

A 45-day public comment period was held fromJuly 1, 1992 through August 15,
1992. In addition, a public nmeeting was held on July 16, 1992. At this
neeting, representatives from MAAP, EPA and TDEC answer ed questions about
problenms at the site and the renmedial alternatives under consideration.
Comments and responses fromthe July 16, 1992 Public Meeting have been
captured in the neeting transcription, which is included in the

Responsi veness Sunmary (Appendix A). No witten comrents were received
during the conment period.

Thi s deci sion docunent presents the selected renmedial action for the O Line
Ponds Area, Mlan Army Amunition Plant, Mlan, TN, chosen in accordance

wi th CERCLA, as anended by SARA, and, to the extent practicable, the
Nat i onal Contingency Plan. In addition, this decision incorporates the
findings of treatability studies conducted to deternine the effectiveness of
the treatnment technol ogies selected as a result of the FFS. The deci sion
for this site is based on the Adm nistrative Record.

4.0 SCOPE AND ROLE OF OPERABLE UNI'T OR RESPONSE ACTI ON

Past di sposal practices at the O Line Ponds contam nated soil and
groundwat er near the forner ponds. The goal of the overall cleanup
activities at MAAP is to reduce the levels of contam nants to bel ow heal t h-
based concentrations, such that no adverse health effects will result from
future use of the facility. Presently, nore information is avail able
concerning the nature and extent of groundwater contamnmination than is known
about soil, surface water, and sedi ment contamination within the O Line
Ponds area. Because contam nated groundwater potentially poses an
unacceptably high level of risk to human health, this environnental medium
has been separated fromthe others. This separation of environnental nedia
into Operable Units (OU) allows the Arny to begin groundwater cleanup prior
to full assessnent of the entire NPL site.

An Operable Unit (OU) is defined by the National O and Hazardous

Subst ances Pol l uti on Contingency Plan (40 CFR 300.5) as a discrete action
which is an increnental step towards conprehensively mtigating site

probl enms. The Operable Units for the NPL site at MAAP have been defined as
foll ows:

QU 1: Cont ami nat ed groundwat er beneath and i nmredi ately downgradi ent from
t he

former ponds which has been contani nated by past disposal practices
at

t he ponds.
QU 2: Cont anmi nated soils beneath and around the forner ponds and surface
wat er

and sedinment in the drainage ditch that flows al ong the east and
north

si des of the ponds, which may have becone contamni nated as a result



of
past di sposal practices.

QU 14: Soil and water nedia in the area downgradient (to the north and
northwest) of OU 1 and QU 2, including Line K

This Interim Action ROD applies to QU 1. QU 2 and QU 14 require additiona

i nvestigation and will be handl ed as separate actions. A final action ROD

will be prepared to conprehensively address OU 1, QU 2, and OU 14, which

make up the NPL site.

QU 1 consists of groundwater that has been contami nated by expl osives
conmpounds that seeped fromthe ponds during past waste di sposal operations.
The primary contam nants in groundwater are HWX, RDX, 2,4,6-TNT, 1,3,5-TNB
2,4-DNT, 2,6-DNT, 1,3-DNB, and nitrobenzene.

Because drinking water wells are not located in the area of contani nated
groundwater, there is currently no risk posed to facility workers or area
residents by the Operable Unit. However, the baseline risk assessnent
conducted as part of the FFS (USATHAMA, 1992a) indicates that the expl osives
contamination in groundwater may pose a threat to human health should the
area be devel oped for residential use in the future. Contaninant mgration
toward the installation boundary is projected to | ead to an unacceptabl e
health risk |level for off-post residential use of groundwater

The cl ean-up objectives for OU 1 are to extract and treat contam nated
groundwater to prevent current or future exposure to expl osive conmpounds.
The overall strategy consists of the follow ng three steps:

Cont anmi nat ed groundwater will be punped out of the aquifer

Extracted groundwater will be treated with a conbination of nmetals and
expl osives treatnment technol ogies; and

Treated groundwater will be safely disposed; possible nethods include
re-injection or discharge to surface water

In pursuit of the overall goal of reducing the levels of contaminants to
heal t h-based | evel s, UV-oxidation, an innovative technology, will be used to
renmove expl osive conpounds from extracted groundwater. Thistechnol ogy was
sel ected because of uncertainties regarding the ability of nore commonly-
used technol ogies in reducing the concentrations of contam nants to the
heal t h-based | evel s. UV-oxidation has not previously been applied in full-
scal e systens to renove these contam nants; however, it has the potential to
nmeet the stringent criteria.

The Arny has elected to performthis phase of groundwater cleanup under an
InterimRecord of Decision (ROD), which allows for treatnent system design
construction, operation (using the discharge limts listed in Section 9.0,
whi ch for several explosives conpounds are higher than health-based
concentrations), and performance evaluation for a set period of tine. At
the end of the performance eval uation period, the treatnment system
capabilities and discharge levels will be reevaluated. |f the health-based
I evel s for the contam nants of concern have changed in the interim these
new values will becone the treatnent goals. A final renedy will be selected



which satisfies all health based clean-up | evels or provides technical data,
consi stent with CERCLA and the National Contingency Plan, which justifies
alternative standards.

The interimrenedial action will greatly reduce the potential hunman health
ri sks associated with the hypothetical ingestion, dermal contact, or

i nhal ati on of contanminants in groundwater. Treatnment of the groundwater

wi |l destroy and renove expl osives, thereby reducing the toxicity and vol une
of contam nants in groundwater. |In addition, groundwater extraction wll
serve to elimnate the mgration of contaninated groundwater to off-site

ar eas.

Because this interimrenedial action requires that the further mgration of
cont ami nated groundwater within the O Line Ponds area be stopped, and the
concentrations of contaminants in groundwater be greatly reduced, it is
consistent with any planned future actions.

5.0 SITE CHARACTERI STI CS

This section provides an overview of the O Line Ponds characteristics
related to QU 1 including a summary of the hydrogeol ogic setting, the nature
and extent of groundwater contam nation, potential routes of contam nant

m grati on and exposure, and a summary of human health and ecol ogical risks.
The information presented in this section was sumrmari zed fromthe R
(USATHAMA, 1991) and FFS (USATHAMA, 1992a).

5.1 HYDROGEOLOG C SETTI NG

Sands in the Cl aiborne and Wl cox Goup are the principal sources of
groundwater in western Tennessee. The major aquifer at MAAP occurs within
the Menphis Sand of the Cl ai borne Group, which are deposits of Tertiary age
in the Gulf Coastal Plain of western Tennessee. The total depth of this
unconfined aquifer is on the order of 250 feet in the areas of interest at
MAAP, and the mmjor controls on groundwater novenent are the dip of the

sedi nents, surface topography, and surface recharge and di scharge patterns.
Groundwater flowin the MAAP area is generally to the west, in the direction
of regional dip of these sands, and also trends northerly because of the

t opographi c influence. The gradient of the sands is estimated to be about
20 feet/mle to the northwest. On a general scale, there are no abrupt
hydrol ogi ¢ boundaries in the aquifer. The sandy formation contains |oca
clay lenses and clay rich zones which may locally alter vertical groundwater
flow, and stratification of the sediments also tends to nake vertica
conductivities |ower than horizontal conductivities.

Groundwater flows in a direction perpendicular to groundwater contour |ines
at a rate determned by the hydraulic gradient, i = h L, (i.e., the
hydraul i c head over a given distance); the specific yield of the aquifer

and the hydraulic conductivity (estimated from aquifer test results to be
approximately 27 feet per day). The pathlines shown in Figure 5-1
illustrate the general flow directions for groundwater beneath MAAP. The
hori zontal hydraulic gradient is very |low at MAAP, resulting in a | ow
velocity for groundwater flow. Fromwater |evel data, the horizonta
hydraulic gradient is estimted as 0.0015 ft/ft. For an aquifer specific
yield of 20% (a representative value for this aquifer nmaterial), the average
groundwater flow velocity is calculated to be 0.20 ft/day. Small variations



in flow velocity are expected for various areas of the facility, depending
on variations in the controlling factors.

In the vicinity of the O Line Ponds, groundwater is recharged by
precipitation infiltration in the higher-elevation southern portion of the
facility, and infiltration is enhanced through the floor of the drainage
ditches in the area. Partial discharge of groundwater to the Rutherford Fork
of the Obion River is indicated by considering the rel ationships between

el evations of the water table, the variation of hydraulic potential with
depth, and the el evation of the stream surface.

5.2 CONTAM NATI ON ASSESSMENT

The results of the RI (USATHAMA, 1991) indicate the principal sources of

expl osives contam nation in groundwater at MAAP are the O Li ne Ponds and the
drai nage ditches fromthis area. The groundwater in this area of the
installation contains organic contami nants (the expl osives conpounds 2, 4, 6-
TNT, HMX, RDX, nitrobenzene, 2,4-DNT, 2,6-DNT, 1,3,5-TNB, and 1,3-DNB). O
the contaminants found in the near vicinity of the O Line Ponds, 2,4, 6TNT,
RDX, and the DNT isonmers are present in the highest concentrations and/or
pose the greatest risk. 2,4-DNT and 2,6-DNT are Class B2 carci nogens
(meani ng they are probabl e human carci nogens based on sufficient data from
ani mal studi es and i nadequate data from human studi es) and RDX and 2, 4, 6- TNT
are designated as Class C carcinogens (they are possible human carci nogens
based on i nadequate evidence from hunan studies and limted evidence from
ani mal

studies). Section 6.0 of this Record of Decision provides nore detai
concerning the baseline risks and potential routes of human and
envi ronnent al exposure of these contam nants.

5.2.1 Sunmary of Renedial |nvestigation Results

The groundwat er data collected during the RI show that

expl osi vescont anm nat ed groundwater near the O Line Ponds is mgrating slowy
toward the north. Figures 5-2 and 5-3 show the concentrations of RDX and
2,4,6-TNT, respectively, detected in the wells downgradi ent and cross-

gradi ent of the O Line Ponds area during the RI field investigation
Concentration plots for the other explosives-related contam nants exhi bit
this same general configuration, but are smaller in areal extent. High
concentrations in the southern portion of the contam nated zone are
attributed to inputs fromthe O Line Ponds, and the extended areas
exhibiting | ower concentrations in the northern portion of the contam nated
zone are attributed to inputs fromthe drai nage ditches. The action under
consi deration addresses only the groundwater in the near vicinity of the O
Li ne Ponds; therefore, only the southern portion of the contani nated zone
shown in Figures 5-2 and 5-3 are of interest. (The renmining contam nation
arising fromthe drainage ditches will be addressed in a separate action).

The novenent of contami nation in groundwater fromthe vicinity of the O Line
Ponds toward the north is explained by advective-di spersive processes.
Mechani cal di spersion appears to be the dom nant process causing |atera
spread of contam nation.



5.2.2 Sunmmary of Post-RlI Sanpling and Anal ysis

I n January-February of 1992, additional field work was conducted to further
eval uate the nature and extent of contanination at the O Line Ponds area.
Data from cheni cal anal ysis of groundwater sanples indicate that the |evels
of explosive conmpounds in the shallow aqui fer near the O Line Ponds have
decreased fromthe tinme that the RI sanmpling occurred; the reason for this
is not knowmn. The data further show that the only detectable organic
compounds in groundwater inmediately downgradi ent of the capped area are
expl osives residues, and inorganic constituents (netals) are only of concern
in regard to possible interference with organic treatnent processes.

5.2.3 Extent of G oundwater Contam nation

The chemical data collected during the Rl show that shall ow groundwater in
the zone i medi ately downgradi ent of the O Line Ponds (e.g., fromwells

M 001 and M 058) had very high | evels of explosives. G oundwater from an
intermedi ate depth in the aquifer (e.g., fromwells MO057 and M 075) show
much | ower concentrations of explosives, indicating that the | evels of
contaminants falls off rapidly with depth. However, explosives were
detect ed above health advisories in well MO075, which is located directly
downgradi ent of the O Line Ponds, at a depth of 170 feet (the depth to
groundwater is approximtely 45 feet in this area). Based on the
configuration of contam nated zones devel oped during the RI and the depth at
whi ch contani nati on has been detected, it is estimated that the zone of
cont am nat ed groundwat er conprising this operable unit has approxi mate

di mensions of 1,500 feet in width, 2,500 feet in length and 125 feet in
depth. Using these dinensions and a soil porosity of 20% it is estimted
that approximately 1 X 10[8] gallons of water may be contaninated to an
extent such that extraction and treatnent should be considered.

6.0 SUMMARY OF SITE RI SKS

Ri sk assessnent consists of the evaluation of the types and |evels of
contami nants present within the Operable Unit, the pathways by which
receptors could potentially be exposed to these contam nants, and the
toxicity and/or carcinogenicity of the contam nants. A quantitative
estimate of the potential for adverse health effects to occur in the future
can be constructed fromthese data. |In estimating these risks, the
assunption was nmade that no renedial action would be taken to address
contamination within the Operable Unit; the resulting analysis is referred
to as a baseline risk assessment. The main focus of this baseline risk
assessnment is to evaluate potential risks associated with the use of, and
exposure to, untreated groundwater inmediately adjacent to the O Line Ponds
(U 1).

As discussed in Section 1.0, there are scattered residences to the north and
east of the facility boundary. Downgradi ent of the O Line Ponds area, the
nearest residences are |ocated north of the Rutherford Fork and at a

di stance of approximately 1.5 niles fromthe O Line Ponds. Honmeowners on
the east side of the facility are not at risk fromthe contamnmi nation
emanating fromthe O Line Ponds because they are cross-gradi ent and
upgradi ent fromthe OLine Ponds. Wthin the facility, the Army perforns
regul ar nmonitoring of the potable water production wells to ensure that no



contanmination is present. Therefore, under current conditions, humans are
not exposed to the contam nated groundwater in the O Line Ponds area.

Al t hough MAAP is a currently operating government facility which is not
schedul ed for realignment under the Base Closure and Real i gnnent Act, the
nost stringent possible future | and use scenario was used in estinmating the
risks. This was done to ensure that the potential risks would not be
underesti mated. The npbst stringent future | and-use conditions consist of
residential devel opnent of the O Line Ponds area. Under these conditions,
the residents living at the O Line Ponds woul d be exposed to contani nated
groundwat er via ingestion, which is the exposure pathway that poses the
greatest threat to human heal th.

Homeowners in this area of western Tennessee tend not to installdrinking
wat er wells deeper than necessary to obtain sufficient quantities of water.
The high perneability of the Menphis Sand aquifer results in adequate wel
yield even at shall ow depths within the aquifer. Therefore, the assunption
was made in this baseline risk assessnent that on-site residents would be
exposed to levels of contam nants i medi ately downgradi ent fromthe O Line
Ponds and shallow within the aquifer. The two nonitoring wells
corresponding to these conditions are M 001 and M 058.

To evaluate the risk posed by all organic and inorganic constituents within
the shallow aquifer, the wells were sanpled in January 1992. These data
present the nost conplete and up-to-date picture of conditions i mediately
downgradi ent fromthe O Line Ponds; therefore, the baseline risk assessnent
was performed using these analytical data.

6.1 Chenmicals O Potential Concern

Cheni cal s of potential concern are those chemicals believed to be associated
with past activities at the O Line Ponds. Table 6-1 lists all of the
chenmical anal ytes detected in nonitoring wells M 001 and M 058 in January
1992. Al of the listed anal ytes were used in estimting the potentia

ri sk; however, nmany of the analytes are not considered chem cals of concern.
The chemicals that are not of concern are those inorganic analytes that are
essential nutrients or were detected at |evels wel

bel ow heal th-based Iints, and those organic conpounds that are considered
sanpling or |aboratory artifacts. This is further discussed bel ow.

Of the organic conmpounds sel ected as chemicals of potential concern, three
were detected at the highest concentrations in both nonitoring wells M 001
and M 058: HWX (1,200 ug/L and 1,100 ug/l, respectively), RDX (6,400 ug/l
and 7,800 ug/l, respectively), and 2,4,6-TNT (6,500 ug/l and 15,500
ug/l,respectively). 1,3,5-TNB was al so present in significant quantities in
well M 058. The other explosives conpounds were detected at levels |ess than
750 ug/l and are also included in the risk assessnent.

The organi ¢ conpounds carbon disul fide, 2-propanol, and

1,1,2,2-tetrachl oroethane were detected at very low |l evels. 2Propanol was
used to decontani nate sanpling equi pnent and is therefore considered an
artifact of the sanpling activity. 1,1,2,2-Tetrachloroethane is a common
solvent and may be a |laboratory artifact; the fact that it was detected in



only one of the shallow wells nakes this nore likely. These two chenicals
have been retained in the risk assessnent, but are not considered chenicals
of concern because of the |ikelihood that they were detected in error
Carbon disulfide was detected in both shallow wells and is therefore

consi dered a chem cal of concern; however, as will be discussed in Section
6.4, the concentration at which this contam nant was detected is too lowto
i ndicate potential adverse health effects could occur through lifetine

i ngestion of groundwat er

Of the inorganic chem cals detected in nonitoring wells M 001 and M 058, the
six essential nutrients (alumnum calcium iron, magnesi um potassium and
sodi um) were detected at the greatest concentrations. Barium and nmanganese
were al so detected at significant concentrations in both wells (109 to 237
ug/l and 596 to 1,080 ug/l, respectively). All other inorganic chemnicals
were detected at |evels less than 40.8 ug/l.

6.2 Exposure Assessnent

This risk assessnent focused solely on potential human health risks
associated with ingestion of untreated groundwater from nonitoring wells

M 001 and M 058. Persons using untreated groundwater as a donmestic water
supply could be exposed to chemicals in groundwater via ingestion of

dri nki ng water. However, under current |and-use conditions, untreated
groundwater is not used by residents or other individuals; therefore, no
conpl ete exposure pathways exist. Under future | and-use conditions,
potential exposures and risks associated with ingestion of groundwater have
been evaluated to provide a risk-based neasure of the |levels of

contami nation associated with the suspected source area.

Chronic daily intakes (CDIs) are calculated for residential drinking water
exposures using the estimted exposure point concentrations presented in
Tabl e 6-2. A reasonabl e maxi mum exposure (RME) case was evaluated in
accordance with EPA guidance. It was assumed that chem cal concentrations
in the nonitoring wells would remain constant over the duration of the
exposure period. CDIs were estinmated for groundwater ingestion using the
equation and assunptions presented bel ow

CDI =( Ow* | R* EF* EDZ) / ( BW AT* Days)

wher e

CDI = chronic daily intake (ng/kg-day),

aw = chem cal concentration in groundwater (ng/l),

O0R = water ingestion rate (I/day)

EF = frequency of exposure (days/year),

ED = duration of exposure (years),

BW = average body wei ght (kg),

AT = averaging time (70 years for carcinogens, 30 years for
noncar ci nogens), and Days = conversion factor (365 days/year).

Drinki ng water exposures are evaluated for a resident between the ages of 0
t hrough 30. For persons 0-30 years of age, a tinme-weighted average body

wei ght of 48 kg (based on data in USEPA 1989d), and a drinking water rate of
1.9 liters/day are used as parameters for the reasonabl e maxi num exposure
(RME) case. The drinking water consunption rate has been cal cul at ed



assum ng a consunption rate of 1 liter/day for individuals up to 10 kg
(approximately 3 years of age), and a rate of 2 liters/day for persons over
3 years of age. An exposure duration of 30 years, the upper-bound tine at
one residence, is assuned for residents (USEPA 1991, 1989a).

CDlIs for carcinogens and for noncarcinogens in groundwater at the O Line
Ponds are presented in Table 6-2.

6.3 Toxicity Assessnent

Quantitative risk assessnent involves conbining intakes for exposed

popul ations with reference doses (RfDs, defined as acceptable daily doses
for noncarci nogens) or slope factors (for carcinogens) to derive estimtes
of noncarci nogeni ¢ hazard, or excess lifetinme cancer risks, of the
potentially exposed popul ations. Table 6-2 presents chronic oral health
effects criteria (slope factors and RfDs) for the chenicals of potentia
concern to be quantitatively evaluated in this assessnent.

No oral health effects criteria are available for alumnum calcium iron

| ead, magnesi um potassium 2-propanol and sodium therefore, potentia

ri sks associated with ingestion of these chenmicals will not be
quantitatively evaluated. Exclusion of these chenicals fromthe
gquantitative evaluation is not expected to result in significant
underestimates of risk. The essential nutrients (alum num calcium iron
magnesi um potassium and sodium are not likely to pose adverse health
effects at the concentrations present in groundwater within the O Li ne Ponds
ar ea.

6.4 Risk Characterization

For carci nogens, potential risks are calculated as the product of the
chronic daily intake (CDI) and slope factors. Risks were conpared to EPA's
target risk range of 10[-4] to 10[-6]. An excess lifetine cancer risk of
10[ 6] indicates that an individual's risk of cancer, over a lifetinme, is

i ncreased by one in a mllion due to exposure to the carcinogen. For
noncar ci nogens, potential hazards are presented as the ratio of the CDI to
the reference dose (CDI:RfD), and the sumof the ratios is referred to as
the hazard index. |In general, hazard indices that are | ess than one are not
likely to beassociated with adverse health effects, and are therefore |ess
likely to be of regulatory concern than hazard indices greater than one.

Car ci nogeni ¢ and noncarci nogeni ¢ risks associated with the ingestion of
untreated groundwater frommnitoring wells M 001 and M 058 by future
residents are presented in Table 6-2. The estimted upper bound excess
lifetime cancer risks for ingestion of groundwater from MO0l is 1x10[-2].
This risk exceeds EPA's target risk range of 10[-6] to 10[-4] range for
human heal th protectiveness, and is due primarily to RDX and 2, 4, 6- TNT,

al t hough 2, 4-DNT and 2, 6-DNT al so contributed to the elevated risks.

The excess lifetinme cancer risk for a future resident ingesting groundwater
fromMO58 is 2x10[-2] as presented in Table 6-2, and this value al so
exceeds EPA' s risk range for human health protectiveness. The primry
chemicals contributing to this risk are RDX, 2,4,6-TNT and 2,4-DNT. It is
i mportant to note that RDX and 2,4, 6-TNT are Class C carcinogens, and



therefore their carcinogenic risks could be overestimted. The carcinogenic
ri sks from such possi ble human carci nogens are based on i nadequate evi dence
from human studies and linited evidence fromani mal studies. Therefore, the
carcinogenic risk levels are cal cul ated conservatively and coul d be over
estimated. For noncarci nogenic chem cals, the hazard i ndex exceeded one for
both M 001 (H = 1,000) and M 058 (H = 3,000) due to 1,3-DNB, nitrobenzene,
RDX, 1,3,5-TNB[1] and 2,4, 6- TNT.

The hi ghest detected concentration of |lead was 1.25 ug/l in nonitoring wel
M 001. This concentration is |less than the suggested EPA final "clean-up"
I evel of 15 ug/l for lead in groundwater (USEPA 1989b). G oundwater
concentrations of 15 ug/| |ead are considered protective by EPA (USEPA
1990a) and are likely to correlate with blood | ead | evels below 10 ug/l in
roughly 99 percent of young children who are not exposed to excessive |ead
pai nt hazards or heavily contam nated soils. Therefore, the lead in
groundwater is notlikely to contribute to the overall risk to future

resi dents.

6.5 FUTURE OFF-SI TE HUMAN HEALTH RI SKS

There are no current pathways whereby human health coul d be adversely
affected from exposure to the groundwater near the O Line Ponds. Therefore,
the RI focused on evaluating the potential future risks associated with
eventual migration of contam nated groundwater fromthe O Line Ponds area to
of f-post areas where exposures via residential use could occur. This future
-exposure scenari o was eval uated using a groundwat er nodel based on
advective-dispersive flow to deternmi ne future concentrations in the event
that no control on migration or renoval of contam nants is inplenented. The
nodel predicted that many decades woul d be required before contam nation
fromthe O Line Ponds area would reach the facility boundary, but
unacceptably high risks ultimtely may be present if mgration is allowed to
conti nue unabated. The results showed that the conmbined lifetime cancer
risks from potential exposure to groundwater at the facility boundary woul d
exceed the 10[-5] risk level, and the hazard indices for noncarcinogenic
health effects al so woul d be excessive.

6.6 ECOLOG CAL | MPACTS

The RI did not identify any unacceptable on-site ecological risks due to
cont ami nat ed groundwater. An evaluation of the ecological risks associated
with contanmi nated soil, surface water, and sedinment in the vicinity of the O
-Line Ponds area is being perforned as part of the FFS for QU 2. In
addition, any off-site ecological inpacts will be addressed in the

Ecol ogi cal Ri sk Assessnment for the entire MIlan Arnmy Ammunition Pl ant,
targeted for publication in 1994.

<Foot not e>

1 The U.S. Arny Biological Research and Devel opnent Laboratory is currently
conducting sub-chronic aninal studies of the toxicity of this conpound.
</footnote> 6.7 BASELINE Rl SK ASSESSMENT SUMVARY

The foll owi ng conclusions may be drawn fromthe baseline risk assessnent:

Groundwat er contami nation associ ated with past use of the O Li ne Ponds



does not pose any short-termrisk to human health or the environnment
under current |and use conditions because groundwater in this area is
not used as drinking water

Human heal th i npacts are possible, however, if the O Line Ponds area
is devel oped for residential use and groundwater is used as a source
of drinking water;

Carcinogenic risk under the future residential |and use scenario is
due principally to the presence of high | evels of explosive conpounds
in shall ow groundwat er i medi ately downgradi ent of the OLi ne Ponds;

Adverse health effects posed by noncarci nogens under the future
residential |and use scenario are also due principally to explosive
conmpounds;

The quantitation of risk indicates that the inorganic anal ytes are not
at | evels high enough to cause adverse health effects.

The baseline risk assessnment indicates that groundwater quality in the O

Li ne Ponds area has been inpacted and that use of this groundwater

currently or into the foreseeable future, for drinking water would result in
signi ficant human health risks. The renoval of explosive conpounds from
groundwater will reduce the overall carcinogenic and noncarci nogenic risks
to acceptable |evels.

This interimrenedial action will stop the further migration of contam nated
groundwater in the imrediate vicinity of the O Line Ponds area through
extraction of groundwater fromthe aquifer. G oundwater extraction and
treatment will greatly reduce the concentrations of the chemi cal sof concern.
Therefore, inplenentation of this interimrenedial action will result in
signi ficant reduction of the risks potentially posed by the Operable Unit.
The goal of the final renmedy for the site is to reduce the concentrations of
contami nants in groundwater to bel ow health-based |levels. The final action
remedy will ensure that treatnment of groundwater will occur to the maxi num
extent practicable, consistent with CERCLA and the National Contingency

Pl an.

Actual or threatened rel eases of hazardous substances fromthis site if not
addressed by inplenenting the response action selected in this ROD, may
present a current or potential threat to public health, welfare or the

envi ronnent .

7.0 DESCRI PTI ON OF ALTERNATI VES

Groundwater renedial alternatives were developed for QU 1 to satisfy the
foll owi ng renedi ati on obj ecti ves:

Protect human health and the environment;
Reduce the | evels of contam nants to concentrations such that off-site

future groundwater users will not be exposed to the contami nants above
heal t h- based | evel s;



Use pernmanent solutions and treatnment technol ogies; and
Achieve a renedy in a cost-effective manner

This section describes the extraction systemand the treatnent and di scharge
alternatives for groundwater.

7.1 ALTERNATIVE T-1: NO ACTI ON

The NCP requires that the "no action" alternative be evaluated at every site
to establish a baseline for conmparison. Under this alternative, no renedia
action would occur to prevent current or future exposure to the groundwater
contamination. Alternative T-1 does not have associated capital and
operation and mai ntenance costs, and will not require any tine
forinpl enent ati on.

7.2 ALTERNATIVE T-2: LIMTED ACTI ON

Alternative T-2 consists of long-termnonitoring, physical barriers, and

admi nistrative actions. The "limted action" alternative does not reduce
the toxicity, nobility, or volunme of contam nation but would reduce the
probability of physical contact with contanminated nmedia. Institutiona

controls such as deed, access and | and use restrictions would be inplenented
to reduce physical contact with contamnm nated groundwater. Public education
progranms woul d be designed to informthe workers and | ocal residents of the
potential site dangers. |In addition, emergency provisions would provide a
pl an of action in the event of an accidental exposure or sudden increase in
ri sks associated with the Operable Unit. Long-term environnental nonitoring
will be conducted at the O Line Ponds area as well as quarterly sanpling for
target pollutants in groundwater and surface water. The data collected from
the nmonitoring programwill be reviewed at a nminimum of every five years as
required by the NCP at all sites where hazardous chenicals renmain untreated.

The purpose of this alternative is to informthe public, provide a data
base, and eval uate changes in site conditions over tine. Alternative T-2
has an estimated capital cost of $49,000 and annual operation and

mai nt enance costs of $171,000. Present worth is estimted at $2,678,000 for
athirty year period at a five percent discount rate.

7.3 COWMON ELEMENTS | N TREATMENT ALTERNATI VES T-3 THROUGH T-8

The remai ni ng groundwat er treatnent alternatives contain a nunber of common
features. Except for the "No Action" and "Linmted Action" alternatives
(Alternatives T-1 and T-2), all of the alternatives now being considered for
the Operable Unit include collection technol ogies, on-site treatnent, and

di scharge. Collection technol ogies involve the renoval of contani nated
groundwater fromthe aquifer through use of extraction wells. The extracted
water will be piped to an on-site treatnment systemthrough an aboveground

pi ping system On-site treatnment woul d consist of a combination of chem ca
and physical treatnent technologies. The treatnent alternatives vary only
in the conbination of these chenical and physical processes used to neet
required treatnment effectiveness and different discharge criteria.

7.3.1 Interim Renmedial Action Treatnment System Coal s



The goal of this interimrenedial action is to reduce the hunman health risks
posed by conditions within the Operable Unit. This goal will be pursued by

preventing future human exposure to contam nated groundwater through the use
of both active groundwater renediation (extraction, treatnent, and

di scharge) and institutional controls.

To | ower the potential carcinogenic and noncarci nogenic risks to acceptable
level s within the area of interest, the concentrations of explosives
conmpounds nust be reduced to extrenmely low levels (this is further discussed
in Section 9.0). At present, it is not known if any currently-avail able
treatment technol ogies are capabl e of achieving this |evel of efficiency on
a consistent basis for the required high flow rate and for this conbination
and concentration of contam nants. The FFS for this Operable Unit
identified the nost prom sing technol ogi es and both bench- and pilot-scale
treatability studies have been perforned to evaluate the effectiveness of

t hese technol ogi es. However, the technol ogies were tested at relatively
smal | scale and the inpact of system scale-up on treatnent plant efficiency
is not known.

For this reason, the Arny has el ected to choose the nost prom sing renedia
technol ogy and apply it to the Operable Unit under this Interim Action ROD
At a minimum the treatnent systemw || be operated such that healthbased
levels will not be exceeded at the facility boundary; off-site residents
will therefore be protected fromthe contam nants associated with the
Operable Unit. At the same tine, institutional controls will preclude human
exposure to the contani nated groundwater

The treatnment technol ogies introduced and described in this section were
selected not only for their ability to protect off-site users but also for
their potential to reduce the on-site concentrations of contaminants to
heal t h-based | evels. The ARARs and To Be Consi dered (TBC) standards
relevant to this OU are described in Table 10-1 through 10-3. In addition,
Federal Anbient Water Quality Criteria and Tennessee Surface Water Standards
are ARARs for Alternatives T-4, T-6, and T-8, which include discharges to
surface waters.

7.3.2 Extraction System

Each of Alternatives T-3 through T-8 nmeke use of an extraction well system
to renmove contam nated groundwater from the aquifer inmmedi ately downgradi ent
of the O Line Ponds area. Continuous punping fromthe extraction wells wll
also lower the water table in this area and reverse the hydraulic gradient
on the downgradi ent side. Further mgration of the groundwater currently
within the contam nated area will therefore be prevented by this system

Because of the large lateral and vertical extent of contam nation within the
area to be renmediated, multiple extraction wells will be needed. It was
assunmed in devel oping the extraction systemcost estinate that six 6-inch
dianeter wells will be installed to depths of 125 feet. Subnersible punps
will be used to punp water to ground level. The piping fromthe wells to
the treatnment plant will be corrosion-resistant and heated to prevent
freezing.



The extraction system has an estimated capital cost of $327,000 and annua
operation and nmi ntenance costs of $16,000. Present worth is estinmated at
$573,000 for a thirty year period at a five percent discount rate. These
costs nmust be added to the cost estimates for each

treatment/di schargealternative to arrive at a total system cost.

7.3.3 Discharge Options

The two di scharge options under consideration are re-injection into the

aqui fer and surface water discharge. Alternatives T-3, T-5, and T-7 include
re-injection as the discharge nethod. |In these alternatives, a series of
injection wells will be installed upgradient of the forner ponds. As treated
water is re-introduced into the aquifer, the hydraulic gradi ent between the
injection wells and the extraction wells will increase, and this will result
in a higher rate of groundwater flow between the sets of wells. It is
antici pated that use of the re-injection discharge option (and resulting
control over the hydraulic gradient) will increase extraction system

ef ficiency and shorten the anpunt of tine needed to extract the groundwater
currently within the contanm nated area. Upgradient re-injection offers the
addi ti onal advantage of creating a closed-1oop system The potential for
adverse environnmental inmpacts to occur is reduced because the treatnent
systemeffluent will not |eave the Operable Unit.

Alternatives T-4, T-6, and T-8 include surface water discharge of the
treatment system effluent. Because of the high expected flow rate (possibly
as high as 500 gallons per mnute), it is expected that this discharge

met hod will consist of piping the treated water to the Rutherford Fork of
the Obion River. It is not expected that the on-site drai nageways coul d
safely handle both the large treatnment plant output and the runoff from
precipitation events without significant nodification. Discharge to the
river offers the additional advantage of providing a m xing zone for the
effluent. However, because the treated water will continuously be added to
the river, the potential exists for ecological inpacts to occur

7.3.4 Oher Assunptions Used in the Cost Estinates

The vol une of groundwater which requires renmediation is estinated to be as
large as 10[ 8] gallons. The on-site treatnent systens have a proposed fl ow
rate of 500 gpmin order to reverse the groundwater gradient. It has been
estimated that the systens may have to operate for thirty years or nore

Due to the long period of treatment anticipated, extensive adm nistrative
oversight will be required to ensure the proper operation and nai nt enance
and overall performance of this alternative. Long-term nonitoring of

i nfluent and effluent concentrations, residual characteristics, and the

ef fectiveness of the alternative will be required. Five year reviews wll
al so be required as part of the long-termnonitoring program Institutiona
restrictions, public awareness prograns, and energency provisions simlar to
Alternative T-2 woul d be inpl enmented.

Details of the treatnment process would be determned in the Renedi al Design
phase through engi neering design and anal ysis and the conpetitive bidding
process. |Inplenentation of each treatnent alternative will require the
construction of a treatnment building and parking/staging area; building
heating and lighting; long-terminfluent and effluent and groundwater
monitoring; and a five-year review of Operable Unit conditions.



7.4 ALTERNATI VE T-3: UV- OXI DATI ON RE- | NJECTI ON

Alternative T-3 uses ultraviolet (UV)-oxidation to reduce the concentrations
of the organic contam nants in the extracted groundwater. UVoxidation is an
energi ng technol ogy that uses ozone as an oxidant and UV Iight to break down
organi ¢ contani nants such as explosives. The WV |ight enhances the
reactivity of ozone by transform ng these nolecules into highly reactive
hydroxyl radicals. These powerful oxidants react with the contam nants in
the water, cleaving the chem cal bonds and breaki ng down the organic
contaminants into sinpler nolecules. Wen carried to conpletion, the end
products of the oxidation process are carbon dioxide, water, and inorganic
oxi dation productssuch as nitrates.

In this system the ozone is generated on-site using air and electricity;
after use, it is catalyzed into oxygen and vented fromthe system To
reduce the risk associated with storage and handling of reagents, chemnica
oxidants will not be used in this system No off-gases or treatnent
residuals requiring disposal are generated by this process. Follow ng
treatment in the UV-oxidation chanber, the effluent is discharged by re-
injection wells back into the aquifer. Therefore, the potentia

environnental risks associated with operation of this system are negligible.

This alternative is expected to reduce the | evels of organic conmpounds to

| evel s such that health-based limts will not be exceeded at the facility
boundary. However, this alternative does not renove inorganic constituents
fromthe groundwater. The results of the baseline risk assessnent indicate
that the | evels of inorganic analytes currently do not pose a threat to
human heal th; however, fouling of the piping/treatment systemmay result if
the groundwater is not treated to renove these inorganic analytes. This
could potentially lead to increased system nmai ntenance costs. |n addition,
it is possible that the levels of inorganic analytes in extracted
groundwater could rise above health-based linmits either due to extraction
froma nmore contam nated area or the addition of groundwater extracted from
ot her Operable Units. In this case, the treatnment system nust be nodified
to provide for treatnment of inorganic anal ytes.

UV- oxi dation has not previously been applied in a full-scale treatnent
system for these contanmi nants. To assess the potential performance of this
technol ogy, the Arny has perforned bench-and pilot-scale treatability
studi es of UV-oxidation using groundwater extracted froma highly

contami nated nonitoring well inmediately downgradi ent of the O Line Ponds.
The results of these studies indicate that significant reduction of the
concentrations of explosives conpounds can be achi eved.

Alternative T-3 has an estimated capital cost of $4,216,000 and annua
operation and mei ntenance costs of $1,243,000. Present worth is estimted
at $23,325,000 for a thirty year period at a five percent discount rate.

7.5 ALTERNATI VE T-4: PRECI Pl TATI ON/ UV- OXI DATI ON/ | ON EXCHANGE/ SURFACE WATER
DI SCHARGE

This alternative incorporates physical and chem cal processes to treat the
groundwater to | evels acceptable for surface water discharge. As in



Alternative T-3, UV-oxidation is used to reduce the concentrations of the
organi ¢ conmpounds. No treatnent residuals are produced through the use of
this process.

To ensure that aquatic life will not be inpacted by the treatnent plant
effluent, a series of netals renoval technol ogies are used. El ectrochenica
precipitation and ion exchange are two treatnent technol ogi es which are
capable of removing netals fromwater. Electrochem cal precipitation

i nvol ves the renoval of nmetallic conmpounds from solution by adsorption and
coprecipitation with a ferric hydroxide floc. These solids are eventually
dewat ered by conpression and di sposed after proper characterization. If the
| evel s of inorganic analytes in the water nust be further reduced, the ion
exchange process may be used. Low levels of netals such as cadm um iron
and zinc, are captured in the resin and | ess toxic ions such as hydrogen or
sodium are rel eased. Once the resin is exhausted, the ion exchange unit nust
be replaced. In sonme cases, it is possible to recover the netals fromthe
exhausted resin.

Al t hough el ectrochem cal precipitation is not a widely used technol ogy, it
enpl oys a sinple process and is readily inplenentable. Both benchand
pilot-scale treatability studies were conducted using groundwater extracted
froma highly contam nated nonitoring well |ocated i mediately downgradi ent
of the O Line Ponds area. The results of these studies indicate that the
technol ogy i s capable of reducing the concentrations of inorganic anal ytes
to very low | evel s.

The reagents needed for the el ectrochem cal precipitation process include
sodi um hydroxi de and hydrochloric acid for pH control, a polynmer to aid in
settling of precipitated solids, and hydrogen peroxide to increase
precipitation efficiency. These reagents nust be shipped, stored, and
handl ed properly to mnimze risks to workers and the environnent. In
addition, the process generates a filter cake consisting of iron and the

i norgani cs renoved fromthe groundwater. Although the filter cake is not
expected to be a hazardous waste, it nmust still be handl ed and di sposed as a
solid waste.

The ion exchange technology is wi dely-applied and reliable. Chem ca
reagents are not needed in this process. However, the exhausted resin nust
be handl ed and di sposed.

This alternative relies on technol ogies that require chem cal reagents

and/ or require proper handling and di sposal of treatnment residuals. These
treatment residuals are not expected to constitute a hazardous waste but
nmust be treated as solid waste. |In addition, the treatnent system effl uent
is discharged directly to surface water. Therefore, |low to noderate
environnental risks are posed by this alternative.

Alternative T-4 has an estimted capital cost of $6,030,000 and annua
operation and mei ntenance costs of $2,691,000. Present worth is estimted
at $47,397,000 for a thirty year period at a five percent discount rate.

7.6 ALTERNATIVE T-5: PRECI PlI TATI ON/ GRANULAR ACTI VATED CARBON
( GAC) / RE- | NJECTI ON



This alternative incorporates GAC to reduce the | evels of explosives such
that health-based levels will not be exceeded at the facility boundary. GAC
is a widely-applied and wel | -understood technol ogy for renoval of organic
conmpounds fromwater. This process relies on the physical adsorption of
organi ¢ nol ecul es onto a porous carbon matrix containing active adsorption
sites. The rate of adsorption is conpound-specific, and conpounds that are

| ess soluble in water are nore likely to be adsorbed. The expl osives
conmpounds are noderately soluble and therefore have a noderate affinity for
car bon.

The facility currently uses GAC to treat all process water; therefore,
performance data are available to evaluate this technol ogy for the Operable
Unit-specific contanmi nants. However, the discharge levels set for the
facility treatnent plants are much hi gher than the health-based lints for

t he expl osi ves conpounds; therefore, it is not known if GAC is capabl e of
achieving these extrenely low levels. In general, the renmoval efficiency of
GAC i s reduced at |ow contam nant concentrations, especially at high flow
rates. This is nost likely due to channeling within the carbon beds.

Spent carbon | coaded with expl osives conpounds cannot be regenerated (due to
the low volatility of the explosives conpounds), cannot be efficiently
regenerated, and therefore is typically disposed. The spent carbon may
constitute a hazardous waste and therefore nmust be handl ed in accordance
with the requirements of RCRA Subtitle C. Because expl osives conmpounds
woul d be highly concentrated on the spent carbon, and because the weak
forces hol ding the expl osives nmolecules to the carbon are reversible,

nm smanagenent of the carbon may result in further human health risks and/or
envi ronnental damage. The carbon usage rate for this alternative is
estimated to range from500 to 1,600 | bs of carbon per day.

Cheni cal reagents nust be handl ed and stored on site for use in the
precipitation system This alternative utilizes technol ogi es that generate
treatment residuals; nanely, a |arge amount of spent carbon and a small
anmount of filter cake containing iron and other inorganic analytes. There-
injection wells used to discharge the treatnment systemeffluent forma
closed loop with the extraction wells. Therefore, the environnental risks
posed by this technol ogy are expected to be | ow to noderate.

Under this alternative, the treated water woul d be di scharged through
re-injection wells back into the aquifer

Alternative T-5 has an estimated capital cost of $3,376,000 and annua
operation and mei ntenance costs of $1,964,000. Present worth is estimted
at $33,567,000 for a thirty year period at a five percent discount rate.

7.7 ALTERNATIVE T-6: PRECI Pl TATI ON/ GRANULAR ACTI VATED CARBON (GAC)/ 1 ON
EXCHANGE/ SURFACE WATER DI SCHARGE

This alternative is sinmlar to Alternative T-5 except that it may

i ncorporate additional inorganics treatnment in order to satisfy surface
wat er di scharge requirenents. An ion exchange system nay follow the GAC
treatment to ensure protection of aquatic life.

The el ectrochenical precipitation unit requires that chenical reagents be



handl ed and stored on site. Residuals generated through the inplenmentation
of this alternative are filter cake fromthe el ectrochemn cal precipitation
process, a |arge amount of spent carbon fromthe GAC units, and exhausted
resin fromthe ion exchange units. |In addition, the treatnent system
effluent is discharged to surface water. The potential environnmental risks
posed by this alternative are expected to be |low to noderate.

Alternative T-6 has an estimted capital cost of $3,701,000 and annua
operation and mei ntenance costs of $3,163,000. Present worth is estimted
at $52,324,000 for a thirty year period at a five percent discount rate.

7.8 ALTERNATIVE T-7: PRECI Pl TATI ON/ UV- OXI DATI ON/ GAC/ RE- | NJECTI ON

This alternative incorporates both organic and inorganics treatnent
processes to ensure that | evels of contanminants at the facility boundary

wi | I not exceed health-based limts. Extracted groundwater is pretreated
usi ng the el ectrochem cal precipitation system described in Alternative T-4.
Metals treatnment is inplenmented to prevent fouling within the piping or the
GAC system which follows. Although the concentrations of netals detected in
groundwat er are not at high enough levels to pose a threat to human heal t h,
the inmpl ementation of this technol ogy provides inorganics treatnment should
the levels of netals in the influent increase. After the precipitation
process, UV-oxidation is used to reduce the | evels of explosives conpounds
(see Alternative T-3). GAC (see Alternative T-5) is then used as a
secondary treatnment step to further reduce the concentrations of organic
conmpounds to levels that provide protection of off-site residents. This
second organic treatnent step is used to treat any organi c conmpounds which
were not conpletely oxidized in the UV-oxidation systemand to increase the
cost efficiency of the overall system

The bul k of the explosives conpounds are expected to be destroyed through
UV-oxi dation. Therefore, GAC will be used at a nuch |lower rate through the
i mpl ementation of this alternative than rates estimated in Alternatives T-5
and T-6. The carbon usage rate for this systemis estimated to be between
70 to 150 I bs per day; this is a reduction of 90% fromthe carbon usage rate
estimated for Alternatives T-5 and T-6.

This alternative requires the handling and storage of chemical reagents.
The treatnment residuals generated fromthe inplenentation of this
alternative are filter cake fromthe el ectrocheni cal precipitation process
and a relatively small anount of spent carbon fromthe GAC units. The re-
injection wells used to discharge the treatnment systemeffluent forma
closed loop with the extraction wells. Therefore, the environnental risks
posed by inplenmentation of this alternative are expected to be | ow.

Alternative T-7 has an estimated capital cost of $5,259,000 andannua
operation and mei ntenance costs of $1,413,000. Present worth is estimted
at $26,980,000 for a thirty year period at a five percent discount rate.

7.9 ALTERNATI VE T-8: PRECI Pl TATI ON/ UV- OXI DATI ON/ GAC/ | ON EXCHANGE/ SURFACE
WATER DI SCHARGE

This alternative is simlar to Alternative T-7 in that it conbines UV-
oxi dation and GAC to reduce the | evels of explosives conpounds in water



Treatment through i on exchange may be needed to suppl enent the
el ectrochem cal precipitation treatnment of inorganics for discharge to
surface water.

Cheni cal reagents nust be handl ed and stored on site for the el ectrochem cal
precipitation unit. The treatnent residuals include filter cake fromthe
preci pitation system and exhausted resin fromthe i on exchange system |In
addition, the effluent is discharged to surface water. Therefore, the
potential environnental risks posed by inplenentation of this systemare | ow
to noderate.

Alternative T-8 has an estimated capital cost of $5,583,000 and annual
operation and mei ntenance costs of $2,611,000. Present worth is estimted
at $45,720,000 for a thirty year period at a five percent discount rate.

8.0 SUMVARY OF COVPARATI VE ANALYSI S OF ALTERNATI VES

Thi s section eval uates and conpares each of the alternatives described in
Section 7.0 with respect to the nine criteria used to assess renedi a
alternatives as outlined in Section 300.430(e) of the NCP. Each of the nine
criteria are briefly described below. Al of the alternatives which include
active treatnment and di scharge of groundwater (Alternatives T-3 through T-8)
were evaluated to nmeet the threshold criteria of protection of human health
and the environment and conpliance with ARARs. However, each alternative
neets the primary balancing criteria to different degrees. To aid in

i dentifying and assessing relative strengths and weaknesses of the
differentrenedi al alternatives, this section provides a conparative anal ysis
of alternatives. As previously discussed, the alternatives are as foll ows:

Alternative T-1, No Acti on;
Alternative T-2, Limted Action;
Alternative T-3, UV-Oxidation/Re-injection;

Alternative T-4, Precipitation/UV-Oxidation/lon Exchange/ Surface Water
Di schar ge;

Alternative T-5, Precipitation/ GAC/ Re-injection;

Alternative T-6, Precipitation/ GAC/ | on Exchange/ Surface Water
Di schar ge;

Alternative T-7, Precipitation/UV-Oxidation/ GAC/ Rei nj ection; and

Alternative T-8, Precipitation/UV-Oxidation/ GAC/ | on Exchange/ Surface
Wat er Di schar ge.

8.1 NI NE EVALUATI ON CRI TERI A

Section 300.430(e) of the NCP lists nine criteria by which each renedial
alternative nmust be assessed. The acceptability or performance of each
alternative against the criteria is evaluated individually so that relative
strengths and weaknesses may be identified.



The detailed criteria are briefly defined as foll ows:

Overall Protection of Human Health and Environnment is used to denote
whet her a renmedy provides adequate protection against harnful effects
and descri bes how human health or environnmental risks are elimnm nated,
reduced, or controlled through treatnent, engineering controls, or
institutional controls.

Conpliance with ARARs addresses whether a renmedy will nmeet all of the
applicable or relevant and appropriate requirenments of Federal and
State environnmental statutes and/or provides a basis for invoking a
wai ver .

Long-term Ef fecti veness and Pernmanence refers to the nmagnitude of
residual risk and the ability of a remedy to maintain reliable
protection of human health and the environnent, over tinme, once
cl ean-up goal s have been net.

Reduction of Toxicity, Mbility, or Volune through Treatnment is the
antici pated performnce of the treatnment technol ogies enployed in a
r emedy.

Short-term Ef fecti veness refers to the speed with which the renedy
achi eves protection, as well as the remedy's potential to create
adverse inpacts on human health and the environnent that may result
during the construction and inplenmentation period.

I mpl ementability is the technical and adm nistrative feasibility of a
remedy, including the availability of materials and services needed to
i mpl enent the chosen sol ution.

Cost includes both capital and operation and nmai ntenance costs.

State Acceptance indicates whether, based on its review of the RI/FS
Report and Proposed Plan, the State concurs with, opposed, or has no
comment on the preferred alternative.

Community Acceptance assesses in the Record of Decision follow ng a
review of the public conments received on the RI/FS Report and the
Proposed PI an.

The NCP (Section 300.430 (f)) states that the first two criteria, protection
of human health and the environment and conpliance with ARARs, are
"threshold criteria" which nust be nmet by the selected renmedial action. The
next five criteria are "primary balancing criteria", and the trade-
offswithin this group nust be balanced. The preferred alternative will be
that alternative which is protective of human health and the environment, is
ARAR- conpl i ant, and provi des the best conbination of primary bal anci ng
attributes. The final two criteria, state and conmunity acceptance are
"modi fying criteria" which are evaluated foll owing conment on the RI/FS
reports and the Proposed Pl an.

8.2 PROTECTI ON OF HUMAN HEALTH AND THE ENVI RONMENT



The six alternatives which incorporate groundwater treatnent and di scharge
(Alternatives T-3 through T-8) provide protection of human health and the
environnent. \Wen inplenented with an extraction system the contam nated
groundwat er can be contai ned and renmoved fromthe ground for treatnent
thereby elimnating the exposure pathway by which off-site residents may be
exposed to contam nants currently within the area defined by this Operable
Unit. Although these alternatives nmay not be capable of reducing the
concentrations of contami nants to |evels bel ow health-based linits,
institutional controls will prevent contact with this groundwater, thereby
elimnating the exposure pathway within the facility boundary. Alternatives
T-3 through T-8 prevent the future degradation of the condition of the off-
site groundwater due to contam nation currently within this Operable Unit.

Alternative T-1, No Action, will not neet this criterion because no actions
are taken to elimnate, reduce or control exposure pathways. Because this
alternative does not neet this threshold criterion of protection of human
health and the environnment, it will not be considered further in the
conparison of alternatives. Alternative T-2, Linmited Action, does provide
sonme protection in that it limts access to, and use of, the contani nated
groundwat er through institutional controls. However, these controls do not
permanently reduce access to contam nated groundwat er

8.3 COWPLI ANCE W TH ARARS

Treatment alternatives T-3 through T-8 are capable of neeting either
groundwat er ARARs or surface water ARARs; and with the exceptions described
bel ow and in Section 9.0, are capable of neeting health-based limts
(including EPA Health Advisories and Drinki ng Water Equi val ency Levels
established by RfDs and sl ope factors). Alternatives T-3, T-5 and T-7 are
capable of treating the contam nants present to |levels acceptable for re-
injection (in conpliance with groundwater ARARs). Alternatives T-4, T-6,
and T-8 incorporate additional treatnment technol ogies to neet surface water
ARARs. However, it cannot be determ ned w thout additional performance data
if any of the alternatives proposed for this renmedial action will renediate
the groundwater within the facility boundary to the levels set by the EPA
Heal th Advi sories for RDX, 2,4,6-TNT, 1,3-DNB, and by the RfD for 1,3,5-TNB

The Limted Action alternative, Alternative T-2, does not provide any action
to reduce the | evels of explosive conpounds which are presently above the
Heal th Advi sories and other health-based |levels. Over |ong periods of tine,
| evel s may decrease due to natural degradation and dilution. |In this case,
eventual conpliance with ARARs may be achi eved. However, the length of tine
before this occurs nay be extensive. Because this alternative does not neet
this threshold requirenment of conpliance with ARARs, it will not be
considered further in the conparison of alternatives.

8.4 LONG TERM EFFECTI VENESS AND PERMANENCE

Each of the remaining alternatives provide long-termeffectiveness and
permanence for this limted scope action. Alternatives using UVoxidation (T
-3, T-4, T-7 and T-8) are the npost effective in the long-termand the npst
per manent because, if properly designed and optinized, this process |eaves
no residual waste. However, if conplete oxidation is not achieved,

i nternmedi ates could be formed which may be toxic. Alternative T-3 uses UV-



oxi dation as the sole treatnment process. This alternative has the potentia
to be very effective in the long termand very permanent. |n addition, UV-
oxi dation can easily be adjusted to accommpdate future fluctuations in
groundwat er contami nant | evels. The processes used in Alternative T-4
generate filter cake and exhausted resin fromthe additional inorganics
treatment (precipitation and ion exchange) inplenmented. These residuals
nmust be di sposed properly.

Resi dual s generation is nmore of a concern in the remaining alternatives
which utilize GAC. Alternative T-7 and T-8 utilize GAC as a polishing step
and, therefore, generate a relatively small anount of spent carbon. This
polishing step ensures that internedi ates which nmay be generated by the
UVoxi dati on system are not discharged. Alternatives T-5 and T-6 use GAC

al one for the renoval of organic conpounds and, therefore, generate |arge
quantities of spent carbon. Alternatives T-5 through T-8 al so generate
residual s associated with the renoval of inorganic analytes. All four of
these alternatives inplenent precipitation, which produces a filter cake,
and Alternatives T-6 and T-8 inplenent ion exchange, which generates
exhausted resin. These residuals, in addition to the spent carbon, nust be
di sposed.

The effectiveness of Alternatives T-3 and T-7 has been evaluated in
treatability tests. Both alternatives are capable of reducing the |evel of
expl osives to those suitable for discharge. Although the |evels of

i norgani ¢ analytes in the groundwater tested during the treatability tests
were suitable for groundwater discharge and required no treatnment, future

| evel s may be higher and inorganics treatnment nmay be necessary. Such
treatment is not provided under Alternative T-3.

8.5 REDUCTION OF TOXICITY, MOBILITY OR VOLUVME THROUGH TREATMENT

Al ternatives T-3 through T-8, when used with an extraction alternative, al
provi de reduction of toxicity, nmobility or volune. Each of these
alternatives has the potential to treat contam nants to bel ow the specified
ARARs. Those alternatives which produce the snallest amunt of residuals
reduce the toxicity and volunme nost permanently. Alternative T-3 produces
the smal |l est anobunt of residuals. Alternative T-4 produces a m ni mal anount
of residuals which include filter cake fromthe precipitation unit and
exhausted resin fromthe i on exchange units.

Alternative T-7 generates a relatively small quantity of spent carbon as
well as filter cake fromthe precipitation process. Alternative T-8

gener ates exhausted ion exchange resin in addition to the residuals
generated by Alternative T-7. The largest quantities of residuals are
produced by Alternative T-5 and T-6 which use GAC al one for organics
treatment. Between these two, Alternative T-6 generates nore residuals than
T-5 because ion exchange is also utilized.

8.6 SHORT- TERM EFFECTI VENESS

Alternatives T-3 through T-8 woul d take approximately equal anounts of tine
and effort to inplenment. All alternatives require that a treatnent plant be
built and that a discharge system such as re-injection wells or a surface
wat er di scharge system be constructed. No additional risks are incurred in



the inplenmentation of one alternative as conpared to another
8.7 | MPLEMENTABI LI TY

All of the alternatives are relatively easy to inplenent and readily

avail abl e. However, sone alternatives are easier to inplenent over the |ong
termdue to their relatively | ow mai ntenance and repl acenent requirenents.
Alternative T-3 may the easiest to inplenent because this system does not
require downtinme for the replacenent and di sposal of spent carbon or ion
exchange units; however, untreated inorganics in the water may cause
downtinme due to systemfouling. Alternative T-4 requires frequent

repl acenent of ion exchange units. Alternatives T-5 through T-8 all require
repl acenent and di sposal of spent carbon. Alternatives T-5 and T-6 have

hi gher carbon usage rates than T-7 and T-8 and nust be changed nore
frequently. |In addition, T-6 and T-8 nmay require ion exchange unit

repl acenent.

UV- oxi dation processes used in Alternatives T-3, T-4, T-5 and T-6 are

avail abl e through a limted nunber of vendors. The el ectrochem ca
precipitation process used in Alternatives T-4 through T-8 is a proprietary
system GAC used in Alternatives T-5 through T-8, and i on exchange systens
used in Alternatives T-4, T-6 and T-8, are offered by a |arge nunber of
vendors.

8.8 COST

Tabl e 8-1 provides a conparison of the costs of the renmining six
alternatives.

In general, those alternatives inplenmenting ion exchange (Alternatives T-4,
T-6 and T-8) cost significantly nore than their respective alternatives

whi ch do not use ion exchange systens and inplenment re-injection for

di scharge (Alternatives T-3, T-5, and T-7, respectively). The present worth
of these alternatives is approxi mately $20,000,000 nore than systens

i mpl ementing di scharge by re-injection. The additional costs are due to the
frequent replacenent of ion exchange units.

O those alternatives devel oped for discharge to re-injection wells
(Alternatives T-3, T-5 and T-7), Alternative T-3 has the | owest present
worth value. Costs are low due to the relatively sinple treatnment schene
whi ch uses only UV-oxidation. The present worth value for Alternative T-7
is only slightly higher than that for Alternative T-3. Because UV-oxidation
is used as primary treatnment and GAC is used as a polishing step in this
alternative, the sizes of the systems are much snmaller than units used in
Alternatives T-3 or T-5. This alternative also inplenments precipitation,
whi ch provides greater protection of human health and the environnent at a
fractionally greater cost. Alternative T-5 has the hi ghest present worth
val ue due to the large quantitiesof carbon which nust be replaced and

di sposed.

Al ternatives devel oped for discharge to surface water are given in order of
i ncreasing present worth cost as follows: Alternative T-8, Alternative T-4,
and Alternative T-6. This order closely follows the rationale given above
for Alternative T-7, Alternative T-3 and Alternative T-5, respectively.



However, due to the inplenmentation of precipitation in Alternative T-4 which
was not inplemented in Alternative T-3, the costs for Alternative T-4 are
slightly higher than those for Alternative T-8. Overall, costs for
Alternatives T-4, T-6, and T-8 are significantly higher due to the

i mpl ement ati on of ion exchange.

8.9 STATE ACCEPTANCE
The State of Tennessee concurs with the selection of Alternative T7.
8.10 COVMUNI TY ACCEPTANCE

Comments and responses fromthe July 16, 1992 Public Meeting have been
captured in the neeting transcription, which is included in the
Responsi veness Sunmary (Appendix A). No witten comments were received
during the conment period.

8.11 SUMVARY OF DETAI LED EVALUATI ON
Based on the above, the follow ng general conclusions may be drawn:

Treating groundwater to neet re-injection criteria for inorganic
analytes (as in Alternatives T-3, T-5 and T-7) is less difficult and

| ess costly than neeting Ambient Water Quality Criteria. In addition
re-injection would result in nmore efficient extraction of contani nated
groundwat er due to enhanced gradient control. |If upgradient
re-injection is used, any residuals would be captured by the
extraction system and | ess nonitoring may be needed.

Use of both UV-oxidation (primary treatnment) and GAC (polishing step),
as in Alternatives T-7 and T-8, appears to be preferable to using

ei ther process alone. The advantages of the two-unit system are that

i nternedi ates which may result frominconpl ete oxidation would be
renoved by the carbon and | ess system nai nt enance woul d be required.

El ectrical costs are reduced significantly since the UVoxidation
systemis not used to reduce the |evel of organics to discharge

| evel s. GAC usage is mnimzed since the concentration of organics in
the influent is greatly reduced through primary treatnent.

It is conceivable that inorganics treatnment may be needed in the
future due to expansion of the extraction system Also, the use of
precipitation during the pilot-scale treatability studi es appeared to
i ncrease the efficiency of the UV-oxidation process. It is therefore
desirable to have the ability to treat both organics and inorganics.

Based on the conparative analysis given above, the selected renedy is
Al ternative T-7.

9.0 SELECTED REMEDY

Based upon consideration of the requirenments of CERCLA, the detailed

anal ysis of the alternatives, and public coments, the Army, with the
concurrence of EPA and TDEC, has determ ned that extraction of groundwater
with treatment through the inplenmentation of Alternative T-7 (precipitation



UV- oxi dation, GAC, and re-injection) is the npost appropriate interimrenedy
for QU1 at the O Line Ponds Area at the MIlan Army Ammunition Plant in
Tennessee. Because of the large size and conplexity of the treatnent system
its design may take between 12 and 24 nonths. This time estinmate includes
the treatnment system design and review, and preparation of bid packages.
Fol |l owi ng the desi gn phase the system construction will begin. This

i ncl udes sel ection of contractors and equi prrent suppliers, installation, and
start up. Although this section presents details of the sel ected renedy,
some changes nmay be nade based on the renedi al design and construction
processes.

9.1 EXTRACTI ON SYSTEM

The nmobility of the contam nants in the aquifer will be reduced by reversing
and controlling the groundwater gradient through the inplenentation of a
groundwat er extraction system The specific design of this systemis
dependent on nodeling and aquifer testing results. Factors affecting the
design of the extraction systemare the depth and thickness of the aquifer
the conductivity of the aquifer, and the [ ocation of the contani nant plune.
The highly conductive aquifer extends fromthe water table to a depth of
approximately 260 feet bel ow ground surface. Explosives conpounds have been
detected at Health Advisory levels at a depth of 170 feet bel ow ground
surface. In the plane parallel to the groundwater flow direction, the
contami nant plume is approxinately 2,500 feet |long. Perpendicular to the
flow direction, the apparent width is 1,500 ft. Using these dinensions, a
depth to the water table of 45 feet, and a porosity of 20% the vol une of
water to be extracted is 1 x 10[8] gallons. Because even very high
extraction rates may produce only a relatively small cone of depression in

hi gh-pernmeability aquifers, multiple wells will be needed to reverse the
groundwat er potential gradient over this large area. It is estimted that
groundwater will be extracted from each extraction well at a rate of 50 to

100 gpm  For purposes of arriving at an order-of magnitude cost for the
extraction system a representative extraction well systemdesign is
presented and eval uat ed.

This remedy will utilize approximately six extraction wells to achieve
groundwat er gradi ent reversal and to extract contam nated groundwater
Large-di aneter wells will be constructed of PVC. Subnersible punps will
punp water up to ground |l evel where additional punps will nove water to the
treatment site. The total extraction rate is estimted to be 500 gpm The
extraction systemw ||l be constructed of gal vani zed steel piping to provide
corrosion resistance, and to prevent freezing, pipes will be heated with

steaminjectors. The potential |ocation of the extraction systemis shown
along with the proposed re-injection systemlocations in Figure 9-1

9.2 TREATMENT AND DI SCHARGE SYSTEM  ALTERNATI VE T-7

In this renmedy, shown schematically in Figure 9-2, electrochem ca

preci pitation, UV-oxidation and GAC are used in series. The predicted flow
rate of the systemis 500 gpm based on the extraction rate needed to reverse
the groundwater gradient. G oundwater is first pretreated using

el ectrochem cal precipitation. The |evel of inorganics is reduced to |evels
acceptable for re-injection. UV-oxidation is then used to renmove the bul k
of the organic conmpounds fromwater, and GAC is then used as a polishing



step to reduce the levels of explosives conmpounds to bel ow di scharge |evels
(discussed in nmore detail below). A granular media filtration unit may be
needed between the UV-oxidation and GAC

units to ensure that any solid particles which have fornmed due to oxidation
of netals do not enter the GAC unit. Treated water is then reinjected
upgradi ent of the extraction systemto aid in hydraulic gradient control and
provi de additional flushing of the contani nated groundwater under the CLine
Ponds. Each part of the treatment systemis described in detail bel ow

9.2.1 Electrochem cal Precipitation

The el ectrocheni cal precipitation process is proposed for this Operable Unit
because of its relatively | ow nmaintenance demands, |ow residual sproducti on
and | ow cheni cal reagent usage rate. This process utilizes ferrous ions

whi ch coprecipitate heavy netals present in the groundwater. The ions are
generated by passing a direct current through a cell containing carbon stee
el ectrodes. Because calciumor ferric salt additives are not used to forma
precipitate, the amount of sludge produced is reduced. Precipitates which
formsettle out in a clarifier, are punped to a filter press, are dewatered
and then disposed in the formof filter cake. The filter cake will be

anal yzed for hazardous waste characteristics and di sposed accordi ngly.

Treated water is filtered through a granular nedia filtration systemto
renove any additional suspended solids prior to treatnent wi th UVoxidation.
Thi s procedure should provi de adequate pretreatnment to elimnate solids

whi ch may hinder the UV-oxidation system Wen suspended solids begin to
appear in the effluent beyond acceptable |levels for feed to the UV-oxidation
unit, the filter nust be backwashed to renove particles which have

accurul ated on the granular nedia. These solids will be recircul ated

t hrough the el ectrochenical precipitation process.

El ectrochemical precipitation will reduce the |evel of heavy netals and
ot her inorganics to bel ow the groundwater standards. |In addition, this
process renmoves inorgani cs which nmay cause unnecessary | oading on the GAC
unit which follows.

9.2.2 UV-Oxidation

The sel ected renmedy incorporates UV-oxidation in conbination with GAC for
the treatnment of groundwater contaminants to |evels acceptable for
reinjection into the aquifer. The bulk of the expl osives contanination in
the groundwater will be destroyed through UV-oxidation. The specific
treatment goals of the UV-oxidation systemis dependent on bal ancing the
econoni c benefits gained in optinizing operating conditions of the system
After electrochemical precipitation and filtration, groundwater fl ows
through a reactor which contains a series of baffles holding several UV

| anps. Ozone, a strong oxidant, is uniformy diffused fromthe base of the
reactor and is transfornmed into hydroxyl radicals, a reaction that is
catalyzed by UV radiation. Having a higher oxidation potential than ozone,
these hydroxyl radicals react nore readily with the organic nolecules. |If
conpl ete oxidation is achieved, explosive contam nants are oxidized to
carbon di oxide, nitrogen, water and salts. Excess ozone is converted to
oxygen using a nickel -based catalytic converter prior to being vented to the



at nosphere. Small chain aliphatic compounds may be forned as internedi ates
if conplete oxidation is not achieved, so the pH may require adjustnent
after treatnment by UVoxidation. Results fromtreatability studi es have shown
that UV-oxidation is highly effective in reducing expl osive concentrations

i n groundwat er.

9.2.3 Ganular Activated Carbon

The GAC unit proposed for a 500 gpm system consists of 2 to 3 carbon units
connected in series. Each unit is capable of holding approxi mately 20, 000

I bs of granular activated carbon (GAC). Because UV-oxidation will renove
nost organi ¢ contam nants, and precipitation will remove inorganics, GAC
will be used at a much lower rate than the rates estimted for alternatives

that rely solely on GAC for renmpval of explosives from groundwater

However, if conplete oxidation is not achieved with the UV-oxidation
process, organic internmediates will also be adsorbed by the carbon and this
usage rate mmy increase.

Exhaust ed GAC nmay be di sposed through conpani es such as Sol vent Recovery
Corporation, which presently accepts the GAC used at the PWFs at MAAP.
Because the carbon is used as fuel, acceptance of the GAC and the costs for
di sposal are based on the BTU content of the carbon. The exhausted carbon
i s disposed through a high tenperature incineration process operated by

t hi sconpany.

9.2.4 Re-injection
Treated water will be re-injected into the aquifer upgradi ent of the ponds

as shown in Figure 9-1. The location and design of the re-injection wel
field are dependent on aquifer tests and nodeling results. Re-injection

wel ls nmade of PVC will be screened along the entire depth of the aquifer
(approximately 200 feet in length) to ensure adequate injection into the
aqui fer. Galvanized steel pipes will carry water fromthe treatment site to

the re-injection system

9.3 PERFORMANCE MONI TORI NG

A nonitoring programshall be devel oped and inplenmented during the interim
response action to ensure that hydraulic control of the groundwater within
QU I is maintained. Specifically, an inward and upward gradient within the
aqui fer nmust exist to prevent further migration of the contam nated
groundwater fromthe Operable Unit. Information necessary for this

det erm nati on incl udes:

hori zontal and vertical gradients in the groundwater within OU

hori zontal and vertical contam nant concentration gradients within

changes in contam nant concentration or distribution over tine; and
effects of any nodifications to the original interimresponse action

To provide this information, the groundwater containnent performance



nmonitoring plan shall include, at a mininum the follow ng: |ocations of
new or existing nonitoring wells for water quality sanpling; frequency of
wat er quality sanmpling; analytical paranmeters (focusing on chenicals of
concern) and anal ytical nethods to be enployed; field sanpling nethods;
speci fication of water |level nonitoring |locations, nethods, and frequencies
usi ngnew or existing wells; and nethods for capture zone anal ysis.

9.3.1 Effluent NMbnitoring Program

A nonitoring plan for the effluent fromthe treatnment plant shall be

devel oped and i npl emented during the interimresponse action to ensure that
control of the effluent is maintained prior to re-injection. A nonitoring
program shal | be devel oped during the design phase that provides periodic
and/ or continuous information on the chem cal constituency of the treatnent
pl ant effluent.

To provide this information, the effluent nmonitoring program shall include,
at a mininum the follow ng: analysis of 24-hour conposite sanples at a
frequency of twice a nonth for total suspended solids, Target Analyte List
nmetals, nitrates, nitrites, volatile organic conpounds, and expl osives
conmpounds (treatnent plant influent concentrations will also be nonitored at
this frequency and for the above-listed paranmeters); and continuous
nmonitoring of pH and control within the linits of 5 and 7.

9.4 TREATMENT SYSTEM PERFORMANCE EVALUATI ON

During the system start-up period, optimzation studies shall be perforned
for reagent addition rates, initial pH for the UV-oxidation step, and pH

adj ust rent nethod. These data will be used to establish cost-effective
operating conditions and will also be used to conplete a sensitivity

anal ysi s.

The interimrenedy will be operated continuously for one year; during this
time period, system performance data will be collected and analyzed. In
particular, the following information will be recorded for eval uation:

flow rate and influent concentrations;

variations in reagent addition rates and any correspondi ng changes in
ef fluent characteristics;

electricity usage; and

u frequency of downtinme for system maintenance or repair, and the nature
of the repairs.

At the end of the one-year evaluation period, and after the toxicity studies
of 1,3,5-TNB have been conpleted and the data anal yzed, the Arny will
prepare the final remedy ROD for QU 1, QU 2, and QU 14. The system

performance data will be summarized in this docunment. The final renmedy ROD
will also contain the nost up-to-date health-based criteria for the
chemical s of concern. System performance will be evaluated with respect to

any changes in these levels fromthe health-based |level listed herein.



If the Arnmy, EPA, and the State of Tennessee agree that a treatnment system
cannot reasonably be expected to neet the health-based | evels for the

chemical s of concern on a consistent basis, then that fact will be
docunented in the final renmedy ROD. Achievable discharge levels will be
deternmined fromthe system performance data and ot her rel evant infornmation
and will be entered into the final renedy ROD

9.5 I NSTI TUTI ONAL CONTRCLS

The Arny will ensure protection of on-site future users of groundwater. The
active renediation will be supplenmented with institutional controls to
prevent ingestion of contam nated groundwater associated with QU 1. These
institutional controls will consist of the foll ow ng:

The groundwater within QU1 will not be used for potable purposes
while the levels of contam nants are higher than heal thbased | evels;
this will be ensured by MIlan Army Ammunition Plant Environnmenta
Ofice review of all projects and | eases involving well installation
and usage at the facility. Any well installed within the facility
will be tested prior to use

In accordance with Arny Regul ation 200-1, entitled Environnenta
Protecti on and Enhancenent, the Arny is required to perform
prelimnary assessnment screening for the subject parcel being
excessed. This screening will evaluate potential use of the property,
identify any additional renedial activities, and/or place restrictions
on the property to protect the future | andowners through a docunent

entitled Statenment of Condition. The Army will inplenent the
recommendations in the Statenent of Condition prior to property
transfer.

In addition, a continuing program of public awareness will be used to inform

the public of the hazards associated with contami nants that remain within
the Operable Unit.

9.6 REMEDI ATI ON GOALS
The goal of this interimaction is to reduce the potential human health

risks and restore the aquifer to the extent practicable with the proposed
technol ogy. Active contani nant concentration reduction in conjunction with

natural attenuation in the aquifer will be used to assure that contam nants
fromthis Operable Unit do not affect future off-post drinking water. In
addition, institutional controls will be used to prevent on-site future

usage of contam nated groundwater and to maintain public awareness of the
conditions at the Operable Unit.

The contanmi nants of concern for this interimrenmedial action are identified
in the baseline risk assessnment conducted for this Operable Unit (Section
6.0). The list of chemicals of concern is conprised of all organic

contanmi nants detected in the groundwater sanples except those which are
probabl e sanpling or l|aboratory artifacts. 1In addition, all inorganic

anal ytes detected in the groundwater sanples are included except those which
are essential nutrients or which were detected at concentrations | ow enough
that no adverse health effects are predicted. Because nitrates are an



oxi dation product of the explosives breakdown, this analyte is included with
the chemicals of concern. The list of chenicals of concern is provided in
Tabl e 9-1.

I n devel opi ng contam nant discharge |evels for the proposed renedial action
the following two principal criteria have been appli ed:

the di scharge | evels nmust be protective of off-post human health; and

the di scharge | evels nmust be technically achievable by a full-scale
system

9.6.1 Federal MCLs and Tennessee Groundwat er Standards

For those contami nants for which Federal Maximum Contani nant Levels (MCLs)
and/ or Tennessee Groundwater Quality Standards are avail abl e, discharge

| evel s equal to the chenical -specific ARARs are technically achievable and
provi de adequate protection of human health and the environnent. The

di scharge levels are listed in Table 9-1

9.6.2 Health Advisories

For RDX, 2,4,6-TNT, HWX, and 1, 3-DNB, EPA has devel oped Heal th Advisory

| evel s using the assunption that 80% of hunman exposure to the contani nants
occurs through pathways other than ingestion of groundwater (such as

i ngestion of crops irrigated with groundwater, showering and bathing, and

i nhal ation). These Health Advisories are not TBC standards for this interim
remedi al action because the renedy will ensure protection of human health
and the environment through active groundwater renediation and institutiona
controls.

The baseline risk assessnent conducted for the groundwater operable unit

i ndi cates that under the residential future | and use scenario (the npst
stringent future land use conditions), all significant potential human
health risk is due to ingestion of groundwater as drinking water. Oherrisk
pat hways are far nore secondary because of the nature of the contam nants,
which are not volatile and do not pose significant risk via the dernal
contact exposure route. Also, crop irrigation is not widely practiced in
this region.

For the reasons given above, the concentrations corresponding to 100%
exposure through drinking water have been selected as the discharge | evels.
For RDX, 2,4,6-TNT, HWVX, and 1, 3-DNB, these |levels are 10; 10; 2,000; and 5
ug/l, respectively. As will be discussed in the next section, it has been
estimted that the concentrations of these contam nants will not exceed the
Heal th Advisory levels (2; 2, 400; and 1 ug/l, respectively) at the facility
boundary.

9.6.3 Oher Risk-Based Gui dance

EPA has classified 2,4- and 2,6-DNT as Group B2 carci nogens and has issued a
Sl ope Factor (SF) of 0.68 (ng/kg/day)[-1] for both isomers. Based on the
assunptions of a 70 kg human ingesting 2 L of water per day for a lifetineg,
a concentration in groundwater of 0.5 ug/l corresponds to an excess cancer



risk of 1 x 10[-5]. These slope factors are TBC standards.

For carbon disul fide, nitrobenzene, and 1, 3,5-TNB, EPA has issued reference
doses (RfD) of 1 x 10[-1], 5 x 10[-4], and 5 x 10[-5] no/kg-day,
respectively. For carbon disulfide and nitrobenzene, these val ues have been
used to cal cul ate concentrations in water which are unlikely to result in
adverse health effects. These values are listed in Table 9-1 as 3,500 and
350 ug/l, respectively. For carbon disulfide and nitrobenzene, these RfDs
are TBC standards. For 1,3,5-TNB, the RFDis not a TBC standard for this
interimrenedial action because the renedy will ensure protection of human
health and the environment through active groundwater renediation and
institutional controls.

It has been concluded fromthe treatability study data that the rate-
limting conpound for ultraviolet oxidation, which is the preferred
treatment net hod because of the high efficiency and | ack of treatnent
residuals, is 1,3,5-TNB. The retention tinme study indicates that 2,4, 6-TNT
is readily oxidized into 1,3,5-TNB, which then has greater resistance to the
free hydroxyl radicals due to a nolecular structure which is |ess
susceptible to attack. Although the concentration of 1,3,5-TNB was
eventual ly reduced to |l ess than the detection linmit, a relatively |ong
retention tinme was needed. Therefore, if the systemis designed to treat
groundwat er such that the concentration of 1,3,5TNB is reduced to extrenely
low | evel s, the cost efficiency of the system would be greatly reduced.

G ven the difficulty in reducing the concentration to extrenmely |ow | evel s,
and the fact that institutional controls will preclude the use of undiluted
effluent as a potable water supply, a discharge concentration of 20 ug/l is
sel ected for this conpound.

9.6.4 Estimate of Of-Site Concentrations of Contam nants after Renedi ation

The discharge |linmts devel oped in the previous sections specify the maxi num
concentrations of explosives and other contaminants that nmay be in the
treatment systemeffluent for this interimrenedy. The purpose of setting
these discharge levels is to provide protection of human health within the
capability of the treatnment system To ensure that the discharge |evels are
sufficiently protective of off-site groundwater users, an estinate was nade
of the maxi mum | evels of contanminants in groundwater at the facility
boundary. In developing these estimates, it is assuned that the only human
heal th exposure pathway is the transport of contam nants to the facility
boundary (approxinmately 9,000 feet from O Line) and then ingestion of
contanmi nated water by residents living off site.

The assunption was made that the proposed action will successfully stop the
further mgration of contam nated groundwater fromthe O Line Pondsarea and
that re-injection of treated water (with concentrations of contanm nants at
or below the discharge Ilevels) will occur upgradi ent of the ponds. The re-
injected water will mx with both untreated contam nated groundwater and
uncont am nated groundwater. Therefore, the interimrenedial action is
conplete, and in the absence of a final remedial action which achieves al
heal t h-based | evel s, the area downgradi ent of the re-injection wells (and
approximately as long as the currently existing area of contani nated
groundwater) will be nearly uniformy contam nated with expl osives at |evels



assunmed to be equal to the cleanup levels. Transport of these contam nants
will then occur toward the hypothetical receptors on the facility boundary.
This is a highly idealized approxi mate nodel of contam nant transport, but
exi sting data are not sufficient to formulate a nore detail ed approach

The di stance fromthe southernnost edge of the current area of contani nated
groundwater to the facility boundary is 9,000 feet. The levels of RDX in
groundwat er were used in estimating the current length of the area of
cont ami nat ed groundwat er because avail able data indicate that this is the
nost areally extensive contam nant. The length of the area within which the
concentration exceeds the discharge level is approximtely 1,800 feet.
Therefore, the off-site levels are estimated to be 5 tines smaller than the
di scharge levels. Using this estimated rel ationship between di scharge

I evel s and off-site levels, the EPA Health Advisory |evels for RDX
2,4,6TNT, 1,3-DNB, and HW will be net at the facility boundary. The

di scharge levels therefore provide adequate protection of human health in
of f-site areas.

9.6.5 Achi evenent of Renedi ati on Goal s

Results from pilot-scale studies performed on groundwater fromthe O Line
ponds indicate that groundwater may be treated to | evel s bel ow t hedi scharge
| evel s established for the groundwater for this Operable Unit. Therefore,
treatment of the O Line Ponds groundwater through the inplenentation of the
selected remedy will reduce the risks posed by the present groundwater to
the target risk range specified for this Operable Unit.

9.7 COST OF THE SELECTED REMEDY

A sunmary of the costs for this alternative are given in Tables 9-2
(extraction system and 9-3 (treatnent and re-injection system). The tota
capital costs for the treatnment systemis $2,098,000. Additional capita
costs include $206,000 site preparation, $451,000 for the installation of a
reinjection system and $327,000 for the extraction well system The tota
present worth of this remedy is estimated to be approxi mately $27, 553, 000
(30 years, 5% discount rate), including capital costs of $5,586,000 and
annual O&M expendi tures of $1,429,000. These costs are prelimnary and are
subj ect to change depending on final system design. Cost estimtes are
based on vendor information and generic unit costs.

The capital costs for the electrochem cal precipitation unit will be
affected by the selected flowrate. Although the size of the unit will
affect the capital cost of the unit, cost versus flowrate is not a |linear
function due to econom es of scale. For the electrochemnical precipitation
process, flowrate is expected to have a greater effect on equi pnent size
than inlet contani nant concentrations because the size of the equipnent is
mai nly determined by the rate of flocculent settling rather than by a
chemical reaction rate. |n general, polynmers can be added to the
groundwater to enhance settling as necessary to respond to contam nant
concentration variations. However, the sizing of ancillary equi pnent such as
the filter press is highly dependent upon the contami nant |oading in the
groundwat er and the groundwater flow rate.

The nost significant operating costs for electrochemnmical precipitation are



el ectrical and iron consunption. Electrical consunption and iron dosage are
nore linearly related to flow rate than to inlet contam nant concentrations.
The opti mum dosage of iron nust be determ ned through perfornmance testing
shoul d the inlet contanm nant concentrations change significantly. Filter
cake disposal is also a significant operating cost; sludge volune is
directly related to the contam nant | oading in the groundwater and the
groundwater flow rate.

The capital cost for the UV-oxidation unit will be affected by the selected
flow rate, the inlet contami nant concentrations, and the effluent
concentration desired. Although the size of the unit will affect the

capital cost of the unit, cost versus flowrate is not a linear function due
to econom es of scale. The contami nant concentrations affect the required
residence time, which in turn affects the size of the equipnent.

The operating costs of the Uv-oxidation unit are affected by the flow rate,
the inlet contam nant concentrations, and the effluent concentration desired
for this first organics treatnent step. The two nost significant operating
costs are electricity and oxi dant consunption. Oxidant dosage is
proportional to flowrate of the system Electrical consunption is directly
related to the residence tinme of the groundwater in the unit and the
groundwater flow rate (i.e., the size of the unit). The effects of
cont ami nant concentrations on required residence tine in the reactor can be
estimated using reaction kinetics data obtained during treatability testing.
Resi dence tinme of the final treatnment unit may be adjusted by varying the
nunber of operating UV | anps.

GAC units are designed to provide an adequate contact tinme given amaxi mum
flowrate. |If the flowrate is |ower than assunmed and the contani nant
concentrations are constant, a smaller unit can be specified. The depth of
the carbon bed (i.e., the contact tine) will not be reduced; however, the
crosssectional area of the unit would be reduced. |If the flowrate is

hi gher than that assuned and the contam nant concentrations are held
constant, a larger unit (i.e., larger cross-sectional area to accommopdate
the higher flowrate) or a nunber of small adsorption units in parallel can
be designed. |In this case, the depth of the carbon bed(s) will be held
constant. As with the other treatment units, the cost of the GAC unit will
vary with flow rate; however, cost versus flowrate is not a linear function
due to econom es of scale. The carbon usage rate is al so dependent upon the
flowrate. |If the flowrate is |ower than that assunmed and the inlet

contami nant concentrations are held constant, the carbon usage rate will be
| ower because the unit is smaller (i.e., holds |ess carbon) even though the
carbon bed life (i.e., time to contam nant breakthrough) does not change. If
the flow rate is higher than that assunmed and the inlet contan nant
concentrations are held constant, the carbon usage rate will be higher
because the unit is larger (i.e., holds nore carbon) even though the carbon
bed Iife does not change.

The only effect that a change in inlet contam nant concentrations will have
on the carbon adsorption unit is on operating costs (i.e., purchase of
activated carbon and regeneration/di sposal of spent carbon). That is, if
the inlet concentrations are |lower than assunmed (due to extended treatnent

t hrough UV-oxidation or a decrease in contanmi nant levels in the groundwater
over tine), the carbon adsorption bed will have a longer life (i.e., greater



time to contam nant breakthrough) and will have to be changed out | ess
frequently; if the inlet contam nant concentrations are higher than assuned,
the carbon adsorption bed will have a shorter life and will have to be
changedout nore frequently.

Re-injection costs are dependent on flow rate only. |[If the effluent flow
fromthe treatnent systemis increased, a greater nunber of re-injection
wells will be needed, increasing capital and operating costs. Likew se, if
the effluent flowis decreased, fewer wells will be needed to re-inject the
water into the aquifer and capital and operating costs will decrease

10.0 STATUTORY DETERM NATI ONS

Executive Order 12580 del egates the authority for carrying out the

requi renents of CERCLA sections 104(a), (b), and (c)(4) and 121 to the
Department of Defense, to be exercised consistent with section 120 of the
Act. Therefore, under its legal authorities, the Arnmy's prinmary
responsibility at MAAP is to undertake a renedial action that achieves
adequate protection of human health and the environnent. [In addition,
section 121 of CERCLA establishes several other statutory requirenments and
preferences. These specify that when conplete, the final renedial action
for the O Line Ponds area must conply with applicable or relevant and
appropriate environnmental standards established under Federal and State
environnental |aws unless a statutory waiver is justified. The final renedy
al so nust be cost-effective and utilize permanent solutions and alternative
treatment technol ogies or resource recovery technol ogies to the nmaxi num
extent practicable. Finally, the statute includes a preference for renedies
that enploy treatnent that permanently and significantly reduce the vol une,
toxicity, or nmobility of hazardous substances as their principal elenent.
The foll owi ng sections discuss how the selected interimrenedy is consistent
with these statutory requirenents as far as practicable given the limted
scope of the action.

10.1 PROTECTI ON OF HUVAN HEALTH AND THE ENVI RONMENT

The selected renmedy will contain and renobve cont an nat edgroundwat er fromthe
ground, thereby reducing the risk posed by this potential exposure pathway.
This alternative extracts contam nated groundwater, treats it to renove
cont anmi nants bel ow the discharge levels listed in Section 9.6 of this ROD
and re-injects the treated water into the aquifer. G oundwater quality wll
be inproved by inplenmentation of the selected renedy and potential health

risks will be significantly reduced. No unacceptable short-termrisks or
cross-nedia inpacts will be caused by inplenentation of the renedy.

Al t hough contamination will remain within the Operable Unit above healt h-
based |l evels, institutional controls will prevent contact with these

contaminants until a final groundwater renedy is inplenmented.
10.2 COWPLI ANCE W TH APPLI CABLE OR RELEVANT AND APPROPRI ATE REQUI REMENTS
The ARARs for this Operable Unit include action-specific, chem cal specific

and |l ocation-specific requirenments. To-be-considered (TBC) gui dance are
al so |isted.



10.2.1 Action-Specific ARARs

This remedy will be operated in accordance with all Federal and Tennessee
treatment facility requirements. A list of action-specific ARARs and TBC
gui dance is presented in Table 10-1

According to Rule 1200-4-6-.14 of the State of Tennessee Water Laws,
re-injection of treated groundwater is pernmissible. A Class V injection
wel |l may be used provided that no hazard to existing or future use of the
groundwater as cited in rule 1200-4-6-.05 exists. G oundwater usage under
this later rule includes donestic water supply, industrial water supply,
livestock watering and wildlife, surface water drainage, and irrigation
The rul e stipulates that groundwater used for these purposes may be subject
to treatnent prior to the actual use. Treatnent of extracted groundwater
will take place prior to use of a Class Vinjection well for re-injection
and therefore will not disqualify the groundwater from being used for any of
the stated uses in the rule.

Since land re-surfacing and construction activities will be perforned upon

i mpl enentation of a treatnment alternative, air quality ARARs are applicable.
For each technology within this renedy, applicable air quality regul ations
will be net. UV-oxidation requires the generation of ozone, a regul ated
substance, for use as an oxidant. The Tennessee Anbient Air Quality Primary
Standard for ozone is 0.12 ng/L by volume (Rule 1200-3-3-.03).

In regards to disposal of the spent carbon and precipitation filter cake,
i mportant potential ARARs are the Land Di sposal Restrictions (LDRs)

i mpl emented by EPA under the Hazardous and Solid Waste Amendnents (HSWA).
Under these restrictions, hazardous waste nay not be |andfilled wthout

neeting the prescribed treatnent standard. |If these restrictions are
applicable (i.e., if the spent carbon and/or filter cake are determ ned to
constitute a hazardous waste), then the di sposal of the wastes will be

performed in conpliance with the LDRs.
10.2.2 Chemi cal - Speci fi ¢ ARARs

The selected interimrenmedy provides a neans of reducing the |evels of
contamination in extracted groundwater to bel ow clean up levels set by ARARs
and TBCs at the facility boundary and will achieve these levels within the
facility for nost contam nants. The renedy will significantly reduce the
concentrations of RDX, 2,4,6-TNT, HWX, and 1,3-DNB within the Operable Unit;
however, the health-based limts applicable to these constituents may not be
achieved within the facility boundary during this interimaction. Further
remedi ati on of groundwater within the Operable Unit may be addressed in the
subsequent final renedial action. To ensure protection of human health and
the environnment while the subsequent action is being devel oped,

institutional controls will be used to prevent use of the water

More stringent Maxi num Contam nant Level Goals (MCLGs), established by the
Safe Drinking Water Act, are not relevant and appropriate standards given
the risks posed by the Operable Unit.

Al'l groundwater ARARs will be achieved through the inplenentation of the
sel ected renmedy. Applicable groundwater ARARs and TBC gui dance are |isted



in Table 10-2.
10.2.3 Location-Specific ARARs

The construction and operation of the treatnent facility and
extraction/re-injection wells incorporated in this remedy will conply with
all location-specific ARARs. A list of |ocation-specific ARARs and TBC
gui dance is presented in Table 10-3.

10.3 COST EFFECTI VENESS

By i npl ementing both UV-oxidation and GAC for the treatnent of explosives in
groundwater, the sel ected renedy represents the best cost/benefit ratio,
being only increnmentally nore costly than the | owest cost option while

provi ding greater protection to human health and the environment.

10.4 UTI LI ZATI ON OF PERMANENT SOLUTI ONS AND ALTERNATI VE TREATMENT
TECHNOLOGI ES (OR RESOURCE RECOVERY TECHNOLOG ES) TO THE MAXI MUM EXTENT
PRACTI CABLE

The selected renmedy is not designed or expected to be the final treatnent
for groundwater at the site; however, the renmedy represents the best bal ance
of trade-offs anmong alternatives, given the limted scope of the action

The sel ected renmedy permanently renoves contaninants fromthe

extracted groundwater and returns the treated water back to the aquifer

UV- Oxi dation through the use of ozone and ultraviolet |ight is capable of
breaki ng down contani nants w thout generating residuals. This technology is
consi dered an innovative technol ogy and was eval uated in the EPA s Superfund
I nnovative Technol ogy Eval uati on Program (SITE) in 1990 (USEPA, 1990b). A
relatively small amount of GAC will be used as a polishing step in this
remedy. Al though partially addressed in the selected renedy, the statutory
preference for renedies that enploy treatnment that reduces toxicity,
mobility, or volune as a principal elenent will be addressed by the fina
response action for groundwater

The renedy was selected with consideration given to the five prinmary

bal ancing criteria. This renedy is the nost effective alternative because
it renoves both inorganic and organic contam nants from the groundwater

This remedy al so reduces the toxicity, nobility or volume of the groundwater
through active extraction and treatnent. Although other alternatives
generated |l ess residuals by not inplenenting the use of GAC, this
alternative was chosen because the additional organics treatnent step
ensures conplete treatnent of the groundwater. Short-term effectiveness
does not play a large role in the selection of a renedy because al
alternatives require the construction of an extraction system and a
treatment plant. The selected renedy, however, is slightly nore effective
in the short-term because this remedy does not generate a | arge quantity of
residuals to be handl ed and di sposed. Although the selected renedy is not
the easiest alternative to inplement of all the alternatives considered, due
to the inplenentation of three different treatnment technol ogies, the added
ef fectiveness outwei ghs the added difficulty in inplenenting this option
The selected renmedy costs only slightly nore than the | east costly
alternative yet provides greater protection to human health and the



environnent. O the five primary balancing criteria discussed above, | ong-
term effecti veness and permanence and cost were the nost decisive factors.
The sel ected renmedy provides the npst econonical neans of attaining the

hi ghest degree of treatnent effectiveness. EPA, the State of Tennessee, and
the community accept this alternative.

10.5 PREFERENCE FOR TREATMENT AS A PRI NCI PAL ELEMENT

The selected renedy satisfies the statutory preference to utilize permanent
sol utions and treatnent technol ogies to the maxi mum extent practicable. An
i nnovati ve technol ogy, UV-oxidation, will be used to renove the organic
contanmi nants from groundwat er such that the treatnent systemeffluent will
not contain contani nants above the discharge | evels presented in Section
9.6. During the first year of operation, a perfornmance evaluation will be
conducted to determine if the treatnment plant is capable of neeting the
heal t h-based | evel s on a consi stent basis.

Contami nants in the groundwater which have been detected well above health-
based gui dance | evels pose a potential threat to future residents of the
area. By extracting the contaninated groundwater, treating it through the
use of el ectrochenical precipitation, UV-oxidation and GAC to | evels bel ow
remedi ati on goals, and re-injecting it back into the aquifer, this renedy
of fers the best approach to protecting off-site groundwater conditions and
reducing the risks posed by on-site conditions.

This interimrenedy only addresses OU 1 and does not address contani nated
soil, surface water or sedinent present at the O Line Ponds area. These
media are incorporated into QU 2, which will be addressed by the Arny.

11.0 DOCUMENTATI ON OF SI GNI FI CANT DI FFERENCES

During EPA and State of Tennessee review of the Proposed Plan, the draft
Treatability Study Report, and the draft ROD for QU 1, it was determ ned
that the nost appropriate nmeans of expediting the proposed renedy for this
Operable Unit is through an Interim Action Record of Decision. This is
considered by the Arny, EPA, and State of Tennessee to be a significant
change. As required by Section 117(b) of CERCLA, the rationale for this
signi ficant change is docunmented in this ROD and in the Adm nistrative
Record. This significant change will not result in a change in cost,
timng, or level of performance of the renedy.

The decision to address the remedy with an Interim Action ROD was nade for
the foll owi ng reasons:

The treatability study data for the UV-oxidation process indicates
that although this technology is highly effective in renpving
expl osi ves conpounds from groundwater, the rate-limting conpound is
1,3,5-trinitrobenzene (1, 3,5-TNB).

The Drinki ng Water Equival ency Level (DWEL) for 1,3,5TNB, as set hy
the EPA Reference Dose, is 2 ug/l. The treatability study data

i ndicate that the proposed treatnent system nay not be able to achieve
this |l evel of renoval efficiency at full scale, given the expected
high flow rate and high influent concentrations. Because 1,3,5-TNB



may not be renoved to health-based | evels, and the performance data
necessary to docunent selection of alternative standards are not yet
avail abl e, the proposed renedy cannot be considered the final renedy
for the site.

Al t hough the Arny is uncertain that the DWEL FOR 1, 3, 5TNB can be net,
t he decision was nade to nove ahead with the action so that

cont ami nat ed groundwater can be extracted and treated using the
proposed system which represents best avail able technol ogy. Such an
action nmay be perforned under an Interim Acti on ROD.

The Arny is conmitted to providing a final renmedy for the site which
satisfies all health-based criteria or provides technical data, consistent
wi th CERCLA and the National Contingency Plan, which justifies alternative
st andar ds.
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